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‘ber and Black (1948) developed a laboratory 
pro edure which is used extensively for evaluating 
‘ial germicides for food utensil sanitation. I[r- 
arities (“freak jumps’’) (table 1) have frequently 
noted among results obtained with this method 
is, and by other workers. Such findings suggested 
pipettes used for removing Il-ml samples from 
medication mixture were coming in contact oc- 
mally with organisms accidentally splashed on the 
tube walls above the surface of the medication 
ure, or that the medication mixture was inade- 
quately mixed by swirling. To overcome these diffi- 
culties, serew-capped jars (height 6.5 cm, mouth 
diameter 3.2 em) were substituted for test tubes. No 
further “freak jumps” have been noted. In addition, 
the jars facilitate rapid and thorough mixing of the 
test. organisms and germicide and provide greater 
accessibility. They require no supporting racks and 
need not be removed from the water bath for sampling. 
Better mixing is effected by stirring with the sampling 
pipette than by swirling the same volume in a test 
tube, a point of importance with the shorter exposure 
periods. Moreover, the operation is smoother and may 
be carried out conveniently by a single worker. 

The original technique (Weber and Black, 1948) 
stipulated 100 per cent kill as the end point. Weber 
1950) later substituted per cent, generally 
considered to be a more satisfactory figure. With the 
prescribed initial bacterial concentration (1 xX 10° per 
ml) in the medication mixture, the latter end point is 
reached when the count in reduced to 100 per ml. 
Obviously a count of this magnitude is best obtained 
by direct plating of | ml of the medication mixture. 
The original directions, however, call for the transfer 

ml of medication mixture to a test tube containing 

of a suitable ‘inhibitor’? solution to neutralize 
the vermicide, mixing thoroughly, then plating 1 and 
0.1 al portions (10-' and 10° dilutions). We have 
obt: ned excellent results (Johns, 1953) by pipetting 
a1 al portion directly into a Petri dish, set at an angle 
Ol: \proximately 10 degrees from the bench top. The 
Pet dish contained 2 ml of inhibitor solution of suit- 


tribution no. 360. 


TaBLe 1. ‘Freak jumps’? in Weber and Black method for 


evaluating chemical germicides for food utensil sanitation 


EXPOSURE TIME IN SECO) 


Survivor count 36000 3100 1240 370 6600F 
Survivor count TNC* |) 25000 140) S600T 10 
Survivor count 70 190007 10 10 10 


* Too numerous to count. 
T ‘Freak jumps.”’ 


able strength. In addition to greatly simplifying the 
procedure, this enables more rapid and complete 
mixing of the medication mixture and inhibitor solu- 
tion than is possible with the test tube method, while 
the saving in time and glassware is appreciable. 

A final change concerns the periods of exposure. It is 
generally agreed that sanitizing agents for use in the 
dairy and food industries must be fast-killing. Conse- 
quently, in our current studies with iodophor, chlorine, 
and quaternary ammonium sanitizing solutions (Johns, 
1953), interest has been confined to those compounds 
able to reach the end point previously mentioned 
within | minute. We have therefore substituted expo- 
sure periods of 7.5, 15, 30 and 60 see for the 15, 30, 
60, 120 and 300 sec specified by Weber and Black. 
Small jars are more convenient than test tubes with 
the short exposure periods. 

These modifications have enabled us to run nearly 


‘three times as many tests in a given period as was 


possible with the original method. With the technique 
just described, two workers regularly complete tests 
on 12 germicides at 3 different concentrations, in- 
volving over 150 platings, in around 80 minutes. 
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In studying fermentation reactions on a_pre-pilot 
plant scale, devices for the automatic control of 
variables such as pH, temperature, inoculum, nutrients, 
aeration, agitation, and so forth, have become expedient 
laboratory tools. They offer the advantage of experi- 
mental procedure and results without the need for the 
constant vigilance required during manual control. 
Thus controllability is brought into the process de- 
velopment picture as soon as the controlled variable 
deviates from the desired value. 

An apparatus (figs. | and 2), incorporating automatic 
control features, which has been helpful in fermenta- 
tion studies in this laboratory is described. This 
apparatus has been used with much success in the 
submerged fermentation of Aspergillus niger in pro- 
ducing citric acid, and more particularly in the estab- 
lishment of good yields of the enzyme dextransucrase 
which can be duplicated at will. 


APPARATUS 

Fermentation vessel. The fermentor (F) in figure 1 
and in close-up view in figure 2 is a 4-liter glass resin 
reaction kettle (Corning no. 6947?) having four standard 
taper openings in the lid. The three outer openings 
contain no. 4 rubber stoppers and support a) an 
inverted sleeve type calomel electrode, b) a glass 
electrode and ground connection, ¢) a fritted sparger, 
line for addition of acid or alkali, line for addition of 
inoculum and vent, respectively. The center opening 
contains the stirrer which is held in place by a standard 
taper reducer and a metal bushing. The stirrer is 
connected to the main drive by a short length of rubber 
tubing. The fermentor is held in place by an adjustable 
chain clamp. The outstanding feature of the kettle is 
its dimensions which are a scale model of most large 
fermentors. 

Agitation. The main drive consists of a_ vertical 
shaft (S) held in place by ball-bearing pillow blocks 
which in turn are mounted on a stationary stand 
bolted to the table top. The power source is a 14 H.P. 
motor (/) mounted vertically at the end of the stand. 
The power is transmitted to the shafts by a system 
of pulleys and adjustable belts. Agitation can be 
altered over a wide range of conditions by proper 


1 Present address: Publicker Industries, Inc., Philadelphia, 
Pennsylvania. 
2 Corning Glass Works, Corning, New York. 


selection of stirring blades, by decreasing the 1 oto 
speed, and by changing the pulley diameters. [hi 
design of power input to the stirrer provides sp ot} 
operation and eliminates the possibility of conta 
tion. 

Aeration. Filtered air at a regulated pressure o 
6 pounds is supplied to a Fischer and Porter Flowr:tor 
This in turn feeds into a filter (A) and then to th 
sparger of the fermentor. Air flow is controlled by g 
needle valve preceding the Flowrator. 

pH. The difference in potential between the high 
resistance glass half-cell and the standard calome! 
half-cell is amplified electronically by a Beckman 
Model R pH meter* (P) and then is relayed to 4 
Brown potentiometer-pyrometer recorder? (R). The 
recorder is equipped with a mercury switch that 
provides a continuous control mechanism. The switch 
actuates a Fisher Jumbo Electro-hosecock® (upper H 
allowing acid or alkali solution (C) to flow to the 
fermentor through a small capillary tube directed 
toward the glass half-cell electrode. When the pli 
changes, the mercury switch is tripped and immediately 
closes the hosecock which in turn cuts off the supply 
of acid or alkali. Accuracy is within 0.1 pH. The 
mercury switch can be positioned on the recorder to 
operate at any selected pH value. 

Inoculum. The inoculum in separatory funne! 5 
feeds through amber rubber tubing to the fermentor. 
The inoculum can be added automatically at any time 
simply by passing the feed line from the inoculum 
through a Fisher Jumbo Electro-hosecock (lowe: [), 
the hosecock being actuated by a Cramer’ 24-hour 
pre-set timer (7’). Should the inoculum require aers tion 
before going to the fermentor it can be provided ‘rom 
one of the several lines at A. 

Nutrients. Nutrients in addition to those in the 
basal medium in the fermentor may be mixed «nd 
added along: with the acid or alkali solution ‘om 
separatory funnel C. 

Sterilization. The fermentor (F) with its acce--ory 
parts, air filter (A), separatory funnels (B and 
stirrer and vent are sterilized as a unit. Openings 

’ Fischer & Porter Co., Hatboro, Pennsylvania. 

* Beckman Instruments, Pasadena, California. 

5 Industrial Division, Minneapolis Honeywell Regulato 
Philadelphia, Pennsylvania. 

6 Fisher Scientific Company, Pittsburgh, Pennsylvani 

7R. W. Cramer Co., Inc., Centerbrook, Connecticut. 
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APPARATUS FOR CONTROLLED SUBMERGED FERMENTATION 


1, Apparatus for controlled submerged fermentation 


cou ain the electrodes are plugged with cotton prior to 
sterilization. Paper is inserted between the bushing, 
reducer and opening in the lid that contains the stirrer 
to prevent breakage during sterilization. The fermenta- 
tion medium, acid or alkali solution, and supplemental 
nutrient solution are sterilized separately, and, along 
with the inoculum, are transferred aseptically to 
respective containers prior to the beginning of the 
fermentation. The electrodes are first immersed in a 
buffer solution of known pH near the working range, 
and the pH meter and recorder are set accordingly. 
The electrodes may then be sterilized by the use of 
alcohol or a solution of a quaternary ammonium 
compound before assembly in the fermentor. 

It is important that the level of the fermentation 
mash covers the tips of the electrodes and also the 
capillary tube that delivers the acid or alkali. At this 
level there is sufficient space remaining to accommodate 
inoculum, acid or alkali and any additional nutrients. 


MATERIAL AND METHODS 


The experimental procedures employed were not 
primarily for the purpose of producing a ferment 
having a high yield of dextransucrase but for obtaining 
a ferment that could easily be reproduced at will. 

The organism employed in all of the dextransucrase 
experiments was Leuconostoc mesenteroides N.R.R.L. 
B-5!2, obtained through the courtesy of Dr. Allene 
Jeans, Northern 


fegional Research Laboratories, 


Peoria, Illinois. 


l.« organism was maintained on slants of a medium 
cons sting of the following components: 0.5 g glucose, 
0.5 . yeast extract, 1.5 g agar, and distilled water to 
100 ‘al. The pH of the medium was adjusted to 7.2 
prio, to autoclaving. The organism was transferred to 
lres! slants every 7 days to ensure viability and 
mai! enance of capacity for dextran production by the 
who » culture method. 

li the preparation of the inoculum, the organism 


Fig. 2. Close-up view of fermentation vessel 
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Fic. 3. The formation of dextransucrase 


was cultivated on a medium of the following compo- 
sition: 0.5 g sucrose, 4.0 g yeast no. 2019°, 0.3 g KoLHPOs,, 
0.02 g MgSO,-7H,0, 0.1 g NaCl, and distilled water to 
100 ml. The pH of the medium was adjusted to 7.0 


§ Standard Brands no. 2019, a non-viable dry brewers’ yeast, 
Standard Brands Inc., New York, New York. 





GEORGE D. LAKATA 


before autoclaving. The medium was dispensed in 40, 
360 and 3,600 ml portions in 125, 500, and 6,000 ml 
Erlenmeyer flasks, respectively. The volume of the 
inoculum was equal to 10 per cent of the volume of 
the medium to be inoculated. The basal medium had 
the same composition as the inoculum medium. 
Although the rate of inoculation of basal medium as 
reported by Koepsell and Tsuchiya (1952) was 1 to 2 
per cent by volume, larger inocula were found to 
accelerate the rate of fermentation. By using 10 per 
cent inocula, the rate of fermentation was such that a 
maximum dextransucrase activity was produced in 
approximately 12 hours. 

A temperature of 25 C and an incubation time of 24 
hours were employed for the incubation of all slants 
and liquid cultures used for inocula. The fermentor 
was set up in a constant temperature room at 25 C, 
thus requiring no separate instrument temperature 
control. 

The pH was maintained at 6.75 + 0.1 throughout 
the fermentation with a solution of 1 N NaOH and 25 
per cent sucrose. Approximately 200 ml of this solution 
Was required to maintain the pH at 6.75 during the 
first 12 hours of the fermentation. The fermentor was 
aerated at a rate of 0.05 volume of air per volume of 
culture per minute. Agitation was moderate at 120 
rpm. 

The dextransucrase activity of hourly culture 
centrifugates was assayed using the method of Somogyi 
(1945) by measuring the fructose liberated from 
sucrose in a given time under ideal specified reaction 
conditions. The assay mixtures contained 10 per cent 
sucrose, culture centrifugate and 0.05 M acetate buffer 
(pH 5.0), and were held at 30 C for 1 hour. Determina- 
tions were made on the culture centrifugates both 
before and after incubation in the buffer solution. 
Enzyme activity in either case was arrested by heating 
in a boiling water bath for 5 minutes, then cooling. 

All analyses for the determination of dextran were 
carried out gravimetrically by precipitation using 
isopropanol, followed by centrifuging and = drying 
7n vacuo to constant weight. 


DIscuSSION 

An apparatus embodying automatic controls 
presented in lieu of the cumbersome time-consun 
methods of manual control. By use of the deseri 
apparatus, replicate runs were made employ 
identical cultural conditions in which good yields of 
enzyme dextransucrase were obtained. Maxim 
yields of approximately 50 units of enzyme acti 
were obtained in 12 hours. Immediately thereai 
and for the next 4 hours the fermentation leveled 
or, in a few cases, the enzyme activity decreased 
composite curve showing the results of six runs « 
ducted under identical conditions is presented 
figure 3. As might be expected, the enzyme acti 
curve follows a typical growth curve. 

When the amount of sucrose in the basal med 
was Changed from 0.5 to 2 per cent, and no additi: 
sucrose added concurrently with the 1 N NaOH, 
vield of enzyme in 12 hours ranged between 20 an 
units. Maximum enzyme yields occurred when 
ditional nutrient was added with the pH regulato: 
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SUMMARY 


An apparatus for providing precise controlle 
experimental conditions is described. The apparst 


features ease of operation, and gives results which 
be converted directly to large scale product 
Replicate runs showed a maximum production oi 
units of the enzyme dextransucrase 12 hours follo 


inoculation with an actively growing culture of Lev 


nostoc mesenteroides. 
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isteur (1862) first suggested that microorganisms 
‘involved in the conversion of ammonia to nitrate 

he soil. Schlésing and Muntz (1887) performed the 
si¢ experiment in which ammonia (in the form of 
age) was dripped into the top of a column of soil 
nitrate removed at the bottom. The resulting 
ification was shown to have been brought about 
uugh the action of living organisms, but attempts to 
ite the organism in pure culture failed. Winogradsky 
a, b) turned his attention to the nitrification 
‘ess and secured, after much elfort, what he believed 

be a pure culture of the organism responsible by 
ving it anaerobically on a completely inorganic 
dium. After negative efforts to obtain colonies on 
‘Jatin he obtained cultures by the use of a silica gel, 
the biological application of which was first noted by 
Roberts (1868) and first used by Kiihne (1890). 
Winogradsky (1891) was finally able to identify the 
nitrifying bacteria and study their metabolic activities. 
The basic technique employed in the early silica gel 
preparations was the addition of aqueous sodium or 
potassium silicate solution to hydrochloric acid (equal 
volumes), followed by dialysis through parchment 
until there was no trace of chloride ion in the dialysate. 
The resulting solution was stable to sterilization and 
could be solidified in the plate through the addition of 
a drop of concentrated sodium chloride solution. 
Nutrients were added by diffusion. The use and 
general review of this technique are = given by 
Omeliansky (1899), Bojanovsky (1925), and Boltjes 


Because of its apparent greater simplicity the 
in-plate’’ method, first described in its essentials 
\tihne (1890), and first used for microbiological 
ses by Beijerinck (1904) and since used or 
ed to by Stevens and Temple (1908), Doryland 
}), Winogradsky (1925), Waksman and Cary 
), Styer (1930), and Hanks and Weintraub 
‘), With various modifications has been more 
sively employed. This method consists essentially 


ie authors wish to express their sincere appreciation to 
ilph K. Iler, Experimental Station, Grasselli Chemicals 
tment, E. I. Dupont de Nemours and Co., Wilmington, 
ire, for his continued interest and assistance in this 
gation. 


of adding equal volumes of either sodium or potassium 
silicates to an acid such as sulfuric, phosphoric, or 
hydrochloric, or a combination of them in such concen- 
tration as will result in a mixture with pH close to 7.0. 

The proper combination may be adjusted to gel in a 
short time after it is poured into Petri dishes, and the 
subsequent operations of dialysis, if necessary, and 
diffusion of nutrients can be performed on the gelled 
mixture. Hanks and Weintraub (1936) were able to 
develop a gel along these general lines which could be 
autoclaved without undue damage to the gel, if the 
conditions were carefully controlled. 

More recently Moore (1940) has suggested the use of 
silica gels for the cultivation of halophilic organisms. 
Sterges (1942) adopted a complicated apparatus for 
the introduction of reagents into Petri dishes, with 
sterility maintained throughout the process, following 
the “gel-in-plate’ method. Ingelman and Laurell 
(1947) suggested the use of ortho-silicic-acid-tetra-ethy| 
ether as silica source, in a rather complex technique. 
Taylor (1950) has suggested the use of an ion exchange 
column (Soucol)? to remove sodium from sodium 
silicate, thus causing the resulting solution to have an 
acid pH. Under these conditions it is stable and can be 
autoclaved, with gellation later induced through the 
action of sodium chloride or ammonium sulfate. 
Temple (1949) advocated the use of Ludox® (see later) 
diluted to one third, with nutrients added and pH 
adjusted, as a silicic acid preparation which could be 
gelled by the application of heat in an autoclave and 
thus sterilized simultaneously. Unfortunately, no 
method or procedure was given by the author. 

Independently and quite accidentally the gelling 
properties of Ludox, a DuPont product, were discovered 
in these laboratories. Ludox is an opalescent aqueous 
colloidal solution containing approximately 30. per 
cent SiO. with a small amount of alkali added as a 
stabilizing agent. Chemically the product might be 
considered as a colloidal solution of hydrated siliea or 
a polymerized form of silicic acid in solution. In 
contrast to sodium silicate, Ludox contains no. sig- 
nificant amount of alkali and, in general, has few 


* Joseph Crossfield and Sons Ltd., England. 


§—. I. DuPont de Nemours & Co. (Inec.) Wilmington, 
Delaware. 





6 JOHN M. KINGSBURY AND ELSO 8. BARGHOORN 


properties in common with alkaline silicates. An 
extensive study of the gelling properties of Ludox has 
been carried out, with special reference to developing a 
suitable inorganic solidifier and to overcoming some of 
the previous difficulties in obtaining reliable silica gel 
preparations of exact composition. It is the primary 
purpose of this paper to present our results with the 
hope that they may prove useful and valuable to others 
who may wish to carry the work further. 


EXPERIMENTAL METHODS 


Ludox, as commercially supplied, contains 0.31 per 
cent to 0.41 per cent Na,O and a maximum of sulfates 
(as NaoSO,) of 0.15 per cent. In order to remove 
these elements and other ions present in much smaller 
amount, recourse was had to ion exchange resins. As 
mentioned above, Taylor (1950) suggested the use of a 
base exchange resin to remove sodium ions from 
sodium silicate. In our experiments a combination of 
strong base exchange and weak acid exchange resins 
was used. The strong base exchange resin selected was 
Amberlite IR-120.4 This resin has a high capacity to 
remove sodium ion from aqueous solution. The weak 
anion exchanger, Amberlite IR-45', was chosen for its 
‘apacity to remove all but the most weakly ionized 
acidic compounds (such as silica and carbon dioxide). 
This combination was chosen on the assumption that it 
would not be effective in retaining silica but would, 
however, remove other more highly active negative 
ions and all possible positive ions. Other combinations 
of resins, however, may prove equally effective or 
better. 

The two resins were mixed together in a glass tube 
ion exchange column fitted with necessary attachments 
for regenerating and washing the resin mixture. Both 
resins must be in the fully regenerated form at the 
beginning of each cycle of operation. The anion ex- 
changer, Amberlite IR-45, is shipped in the fully 
regenerated, free hydroxyl form. Its action is to 
substitute hydroxy! ions for other negative ions as they 
pass through it in solution. The cation exchanger, 
Amberlite IR-120, however, is shipped in the sodium 
form and must be regenerated to the free hydrogen 
form before use. In the latter form its action is to 
substitute hydrogen ions for positively charged ions as 
they pass through it in solution. The resins, in con- 
junction, act in a supplementary manner so that the 
resulting total action of the mixture is greater and 
more complete than that of both resins used separately. 
Exact details of construction, operation, capacity, rate 
of flow, regeneration, and other details of the ion 
exchange column are contained in the pertinent tech- 
nical publications of the Rohm and Haas Company 
(1950a, b; 1951; 1952). In our operations with Ludox, 


4 Rohm and Haas Co., Philadelphia, Pennsylvania. 


the Monobed® employed was regenerated with 10 
cent hydrochloric acid (for the anion resin), and 4 
cent sodium hydroxide (for the cation resin). 

Ludox enters the column at a pH ranging bety 
9.5 and 10. As the chief action of the column j 
remove sodium and replace it with hydrogen ion, 
effluent Ludox is removed at a pH of approxim: 
2.5-3.0. After de-ionizations, it is somewhat 
opalescent though not water-clear in color. At thi 
it is stable (will not gel spontaneously) for a peri: 
at least several days. We have found that the 
will regenerate two to three times its volume of I) 
Care must be taken, however, not to overpass th 
point of resin saturation. If the anion exchange re 
the first to become saturated, chlorine ions will a; 
in the effluent, and the pH will show a drop to | 
less within a short period of time. If the catio: 
changer becomes saturated first, there will be a s 
break from an acid pH of 2.5-3.0 to a pH abov 
as sodium ions begin to come through. It is re: 
mended that the easiest method in practice is to : 
sufficient surplus of the anion exchange resin so that the 
‘ation resin becomes saturated first. Saturation o! the 
latter is easy to detect quickly with an appropriate 
indicator solution such as Congo Red. 

Gelation apparently depends largely upon the 
amount of silica present; the amount, and to a lesser 
extent, the nature of ions present; on pH, time, and 
temperature. Although it is not always possible to 
make the ideal gel, compromising the above factors 
with reference to the particular needs of the experi- 
menter can generally be done in such a way as to 
produce a satisfactory result. With care, gels can be 
made with all degrees of hardness from semi-liquid to 
as hard or harder than can be prepared by the use of 
agar. The modified formulae (table 1) based on a 
number of standard nutrient agars developed for a 
diversity of purposes are submitted as indications ouly, 
since the adaptability of the formulae given to produce 
an ideal gel depends to some extent upon the exact 
nature of the de-ionized Ludox obtained from the ion 
exchange column. This may vary somewhat according 
to construction, technique, and use of the column. 
Indications of changes which will increase the power of 
gelation and changes which will decrease gelatio:. are 
given below so that the formulae may be adjustc | to 
meet individual requirements. 

In all cases, the amounts given are for final quan' ‘ties 
of 100-m1] solution before gelation. The listed ingred «nts 
are added to distilled water. After they have completely 
dissolved, the de-ionized Ludox is added. In the ca ¢ 0! 
the meat extract gel and Sabouraud’s gel, this nay 
cause partial gelation immediately and the solv ion, 
although still liquid, will become quite c! udy 
(Sabouraud’s will return to clarity after adjustme t 0! 


5 Rohm and Haas Co., Philadelphia, Pennsylvania. 
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SILICA GEL AS A MICROBIOLOGICAL MEDIUM 


TABLE 1. Formulae 


DEIONIZED ADJUSTED 


{GREDIENTS IN G 0 
INGREDIENTS IN ¢ He eanaie pH 


ml ml 
Beef extract 0.3 80 20 
NaCl 0.5 
Peptone 1.0 


xtract 


Yeast extract. 0.5 
rose Dextrose 1.0 
0.15 


Sucrose 3.0 
NaNO; 0.2 
KeHPO, 0.1 
MgSO, 0.05 
KCl 0.05 
FeSO, 0.001 
NaCl 0.01 

Sabouraud’s | Peptone 

Dextrose 

NaCl 

(hu’s Ca(NQs3)2 0.004 50 

K:HPO, 0.001 

MgSO,-7H20. 0.0025 

Na2CO; 0.002 

NaSiO 0.0025 

FeSO, trace 

NaCl 0.30 

NH,NO; 0.05 

KeHPO, 0.02 

MgS0O,-7H:20. 0.02 

CaCl.-2H.O.. 0.01 

NaCl 0.25 


Beijerinck’s 


pH). The cloudiness will cause no detrimental effect 
upon the resulting gel. The pH of the solution must 
now be adjusted rather precisely to the figure given. 
This is best done electrometrically. The addition of 
inorganic or organic ingredients to the medium will 
have caused the pH to change from approximately 
25-3.0 to between 4.0 and 6.5, depending upon the 
formula, but in all cases it will be found necessary to 
adjust it further. This is effected by addition of several 
drops of 1 M sodium hydroxide per 100 ml as necessary. 
The adjusted solution is then added to Petri dishes. In 
the majority of our experiments 6-cm dishes were 
used, since the small area of gel tended to retard the 
formation of cracks in subsequent autoclaving. The use 
o'a thin layer of solution per plate also is helpful to 
prevent the formation of cracks. The plates are placed 
in the autoclave and sterilized at 15 pounds pressure 
lor 2 minutes. After autoclaving, the pressure should 
be allowed to fall no faster than that produced by 
norm: | cooling of the autoclave. This step is necessary 
inorder to avoid possible boiling of the gel and resulting 
blow ioles. If a successful procedure has been followed, 


the heat of the autoclave will cause gelation and the 
sterile plates will be ready for use as soon as they cool. 

It is the cooling and concomitant shrinkage of the 
gel that causes formation of cracks. Cracks will form 
unless the gel is fairly soft. Although they detract from 
the appearance of the plate, they do not necessarily 
mean that the gel is too hard for use. 

The following steps may be taken to increase the 
strength (hardness) of gelation: 1) the amount of free 
ions may be increased by the addition of sodium 
chloride in small amounts additional to those prescribed 
in the formula; 2) the lowering of pH will cause a 
marked increase in geling power; 3) the ratio of Ludox 
to water (that is, amount of silica present) may be 
increased. The latter will influence the hardness of the 
gel to some extent, but the higher the amount of silica 
the narrower is the range of other conditions which will 
produce good gels. Any two of these modifications may 
be varied reciprocally as the needs of the situation 
require. Of the gels above, the meat extract gel is the 
easiest to prepare. 

The schedule described here combines the advantage 
of sterilization and gelation in the plate with the 
disadvantage of a tendency to crack in cooling. This 
disadvantage can be completely eliminated, if desirable, 
by adjusting the components of the gel in such a way 
that gelation does not occur in the autoclave. The ideal 
end product is one in which a slight skin forms over the 
surface of the silica sol upon autoclaving. Plates 
forming this skin will gel spontaneously in a day or 
two to form a soft firm gel. Silica gel has a tendency to 
dry rapidly under ordinary laboratory conditions. If 
the plates are to be kept for more than a few days, 
especially during the winter months, they should be 
placed in a moist chamber or sealed with a plastic 
film. 

Discussion 

The method of preparing silica gels developed in 
this study combines the advantage of 1) utilizing an 
initially nearly pure silica source (Ludox contains only 
a small amount of base); 2) purification of the colloidal 
silica through the use of ion exchange systems, utilizing 
simultaneously both anion and cation exchange; 3) 
sterilization as a means of causing gelation of the 
desired medium. It should be emphasized that the 
procedures proposed are capable of much modification 
and, primarily, provide a basis for the further develop- 
ment of a wide range of inorganic gels and media 
adaptable to microbiological research. 


SUMMARY 
The use of inorganic media involving silica as a 
means of culturing microorganisms is reviewed. A 
series of tested formulae and methods of preparation 
for microbiological investigations are presented, and 
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suggestions made for the adaptation of organic nutri- 
ents to this inorganic medium. 
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Du ng the distillation of alcohol from a_ grain 
mash it may be noted on relatively rare occasions 
hat ae product has a pungent odor or even may be 
mild) lachrymatory. The term “peppery” has been 
ppli | to such distillates. The whiskey is sometimes 
know =oas “red eye’. It has been known for many 
vears that this ‘peppery’ character is due to the 
prese. ce of acrolein. The same or a_ similar phe- 
ome ion may occur in the manufacture of brandy. In 
| ter case it has been shown that bacterial action 
luring the yeast fermentation is responsible for the 
production of the aldehyde. 

Very little has been published concerning this 
phenomenon as it occurs in grain mashes. This paper 
ontuims the results of a study on some of the factors 
nfliencing the microbial production of acrolein in 
these mashes. 
Voisenet Bacillus 
maracrylus (Bacillus polymyxa) which he considered 


(1918) isolated an organism 


io be responsible for the formation of acrolein during 
the fermentation of wines. He has reported the pro- 
luction of acrolein by this organism on a substrate 
ontaining glycerol, peptone and inorganic salts. 

Humphreys (1924) found that all of his strains of 
Clostridium welchii (Clostridium perfringens) were 
apable of producing acrolein from a substrate con- 
taining glycerol. 

Other studies on the bacterial formation of acrolein 
nclude those of Reynolds ef al. (1939) and Michelson 
nd Werkman (1940). These workers showed that 
rolein is an intermediate in the fermentation of 
glveerol by Escherichia (Citrobacter) freundiz. 

Quite early in this study it was evident that the 
organism which is the subject of this report was 
distinct from those studied by previous investigators. 


EXPERIMENTAL METHODS 


Iso) tion of the organism. The bacterium on which 
these tudies were made was isolated from a sample of 
ve nish or beer which had been fermented for 72 
hours nd which had yielded a lachrymatory distillate. 

dilutions of the beer were plated on tomato 
gar, and the plates incubated anaerobically at 


substance of this paper was presented at the Meeting 

ivision of Agricultural and Food Chemistry of the 
\meri in Chemical Society, Atlantic City, New Jersey, 
Septer ver 1952. 


30 C for 5 days. One of the organisms which appeared 
formed long chains in tomato juice broth. Eventually 
this bacterium proved to be the one which produced 
acrolein. 

Fermentations. The substrates used in this study 
included grain mashes of either distillery or laboratory 
origin, synthetic media, tomato juice broth (essentially 
the substrate used by Garey ef al. (1945) but without 
the agar) and a tomato juice broth containing washed 
grain residue and glycerol. Details are given later. 

Cultures of bacteria were carried in stabs of a 
commercial substrate known as “LL” agar (B-B-L). 
Transfers from these slants or stabs were made to the 
tomato juice broth, usually 24 hours before the 
inoculum was to be used. The resulting tomato juice 
broth culture was used to inoculate the experimental 
mashes. 

Unless otherwise stated, the acrolein fermentations 
were conducted) by inoculating 100-ml portions of 
sterilized mashes with the acrolein-producing bacterium 
and incubating the cultures at 30 C. 

Acrolein was removed from the cultures by diluting 
the latter with 100 ml of water and distilling until 100 
ml of distillate had been collected. The method of 
Circle, Stone, and Boruff (1945) was used to determine 
the acrolein in the distillate. 

tESULTS 

Attempts to transmit the phenomenon of “pepper” in 
series, by inoculating a fresh grain mash with the mash 
from which the acrolein producer had been isolated, 
gave completely negative results. Similarly, when pure 
cultures of isolates from “peppery”? mashes were used to 
inoculate fresh mashes, no acrolein was produced. 

It had been observed as a result of successive 
samplings of plant mashes that in many cases those 
which gave a peppery” distillate at the end of 80 hours 
had been quite normal at the end of 48 hours. This 
observation led to the inoculation of a 48-hour mash 
with the chain-forming isolate. A strong qualitative 
test for acrolein was obtained in the distillate after the 
mash had incubated an additional 24 hours at 30 C. 
The inoculation of partially fermented mashes with the 
chain-forming isolate made it possible to produce 
acrolein in controlled laboratory fermentations. 

Attempts to identify the organism have led to the 
concept that it is an unidentified species. A complete 
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Fig. 1. Growth of acrolein bacterium as produced on tomato 
juice broth. 


description is not within the scope of this. paper. Its 
typical growth habit is that of long, interlaced chains, 
as shown in figure 1. 

Table 1 summarizes some of the common physio- 
Jogical and morphological characteristics of the 
acrolein-producing organism. Similar data from the 
literature on other organisms which have been reported 
to produce acrolein are included for comparison. 

Appropriate experiments served to demonstrate that 
the bacterium is capable of enduring the temperature 
and time of conversion of grain mashes, namely, 62 C 
for 20 minutes. 

It was established that acrolein could be produced 
in the laboratory on either rye, bourbon, or spirits 
mashes. The plant mashes which were used in this 
work were of the latter type and contained approxi- 
mately 53 per cent corn meal, 39 per cent milo meal 
and 8 per cent ground malt. 

The experiment in which acrolein was produced by 
inoculating a 48-hour mash with the isolate suggested 
that the presence of sugars in the fresh mashes might 
in some way inhibit the production of the aldehyde. 
This premise was confirmed by adding varying amounts 
of glucose to 100-ml portions of a 48-hour plant mash, 
sterilizing the mixture and inoculating with | ml of a 
24-hour tomato-juice-broth culture of the isolate. The 
results as shown in table 2 indicate that a concentration 
of sugar higher than approximately 0.6 per cent, 
expressed as glucose, completely inhibits acrolein 


production on this substrate. The effects of glucos: 
be considered later in more detail. 

The effect of pH on the formation of the ald 
was shown by adjusting portions of a 48-hour 
beer to varying pH values, sterilizing, and inocu! 
with the acrolein producer. The results given in ta’ ¢ 3 
show that acrolein was not produced below a p 
about 4.0. Good growth of the organism occur 
low as pH 3.5 in a tomato juice broth. 

It was postulated from the results which wer 
tained up to this time that, in order for the bact: 
to produce acrolein, it was necessary for it to : 
its maximum development at a relatively late 
of the yeast fermentation. Two possible mecha: 
by which this could occur were investigated: | 
tamination from wooden fermentors, and 2) the in- 
troduction of very small number of bacteria int« th 
mash near the beginning of the veast fermentatio) 

Cypress blocks measuring 1 x 1 x 4 inches were 
placed in flasks containing tomato juice broth. After 
sterilization, the broth was inoculated with the acro 
lein-producing bacterium and incubated. After 24 
hours the blocks were removed, washed with water. 
steamed gently and transferred to flasks of freshly con- 
verted and yeasted mash. After 72 hours the mashes 
containing the blocks contained 8 ppm of acrolein 
Control flasks contained none. It was concluded from 
these data that wooden fermentors are a potential 
source of inoculum of the acrolein-producing organism. 

It was demonstrated that the introduction of a very 
small inoculum into a mash would result in the slow 
development of the acrolein producer and thus, in 
effect, produce relatively large numbers of the organ- 
ism at about 24-48 hours after yeasting. One liter of a 
freshly-yeasted mash was inoculated with 5 ml of a 
24-hour tomato-juice-broth culture of the acrolein 
producer. Similarly, other mashes were inocul:ted 
with 10-ml portions of 10-* to 10-7 dilutions of the 
same culture of the organism. Bacterial counts «nd 
acrolein determinations were made daily. The cata 
are presented in table 4. . 

It may be seen from these data that the mz-lies 
given very small inocula produced acrolein, while ‘he 
mash given a heavy inoculum produced none. \.x1- 
mum bacterial counts were reached in the hes. ily 
inoculated mash in 24 hours, but 72 hours were re- 
quired for maximum counts with the small ino la. 
Only the latter mashes contained acrolein. These «ita 
make it quite clear why ordinary sanitation met! ds 
in a distillery often fail to eliminate ‘‘pepper’ 
order to do this, it would be necessary to reduce ‘he 
bacteria in the mash to less than 1% cell per ml. > 
a degree of sanitation can seldom, if ever, be rea 
in a distillery. 

A number of antiseptics were added to inocu 
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‘ABLE 1. Comparison of the morphology and physiology of the acrolein 
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FORMATION OF ACROLEIN IN DISTILLERY MASHES 


ACROLEIN BACTERIUM 


Nonmotile 
Positive 
{ods 


occurring singly, 


pairs, chains 

Positive 

Colonies small, circular, 
raised 


None 


Negative 
No action 


Turbid 
None 
None 


Acid 

Acid 

Acid 

Acid 

None 

None 

Acid 

Acid 

Acid 

None 

None 

None 

None 

Optimum, 35 C; viable 

after 20 min at 75 C 

Microaerophilic 


Clostridium perfringens 


welchit 


Nonmotile 
Positive 
Rods 
pairs, chains 
Positive 


Colonies circular, raised, 


moist 


Spores oval central to 


excentric 


Acid coagulated 


Turbid 
Liquefied 


Acid and gas 
Acid and gas 


Acid and gas 
Acid and gas 
Acid and gas 
Acid and gas 
Acid and gas 
Acid and gas 


Acid and gas 


Optimum, 35 ¢ 


Anaerobic 


occurring 


bacterium with other acrolein-producing organisms 


Escherichia freundti Bacillus polymyxa 


Citrobacter freundit)* 


Motile or Nonmotile 
Negative 


Bacillus amaracrylus)* 


Motile 
Positive 


Rods 
pairs, chains 


singly, occurring singly, Rods oecurring singly and 


chains 
Positive Negative 


Colonies smooth, lobated, 


lar gray-white 


gray, Colonies circu- 
shining 
None Spores—ovoid central 
Positive 


Acid may coagulate Gas coagulated 
Turbid, 
None 
None 


grayish pellicle 


None 


Positive 


Acid and gas Acid and gas 
Acid and gas 
Acid and gas Acid and gas 
Acid and gas Acid and gas 
Acid and gas Acid and gas 
Acid and gas Acid and gas 
Acid and gas Acid and gas 
Acid and gas Acid and gas 


Acid and gas 
Acid and gas 

Acid and gas None 

Variable 

Acid and gas 

Optimum, 30-37 C 


Acid and gas 
Optimum, 30 C 


Aerobic, facultative Aerobic, facultative 


* Data as given in Bergey’s Manual of Determinative Bacteriology, 6th Ed., 1948, The Williams & Wilkins Co., Baltimore, Md. 
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TABLE 2. Inhibition of acrolein production by sugars 


ADDED GLUCOSE 


gm/100 ml gm, 


TOTAL SUGAR AS 
GLUCOSE 


100 ml 


0.0 .223 
0.05 
0.1 
0.2 
0.3 
0.4 


.273 
323 
.423 
923 
0.623 


ACROLEIN 


ppm 
420 
436 
394 
280 
128 

0 


acrolein- 


cing organisms. Of these, only the quaternary 


onium compounds proved to be of any value. To 
| portions of a freshly-set plant mash were added 
dicated amounts of the quaternary ammonium 


und and of the organism. A concentration of 
100 of this particular compound was quite effec- 


n inhibiting the acrolein production. Alcohol 


ata are given in table 5. 


were not affected to any appreciable degree. 


tation under aerobic or anaerobic conditions com- 


TABLE 3. Effect of mash pH on acrolein production 


INITIAL MASH ACROLEIN 


ppm 
0 
47 
212 
162 
108 
100 
100 
110 
0 


woe 


or W 


1m 


© 


* Unadjusted control. 


pletely inhibited the production of the aldehyde. 
Aerobiosis, as obtained in a quiescent incubation in a 
shallow layer, reduced the yield of acrolein. The data 
are presented in table 6. Microscopic examinations 
of the mashes indicated that good growth occurred 
under all the experimental conditions. The reasons for 
this phenomenon have not been clarified. 

Some preliminary studies have been made on sub- 
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TaBLe 4. Effect of amount of initial contamination on 


acrolein production 
TIME OF ANALYSIS 


ADDED 24 Hr 48 Hr 72 Hr 
BACTERIA 


Acro 


4 
.cTO 
Bacteria 

lein 


Bacteria lein 


Bacteria 


no./ml mash no./ml mash ppm no./ml mash 
245 & 10 17 X& 10% 0 14 X 10° 22 X 10° 
19 23 X 10° 9 23 X 10° 2 13 XK 10! 
1.9 7900 0 7) X 10 ‘ 70 XK 10° 
0.49 19 x 10% 9 70 10° 


TaBLe 5. Inhibition of acrolein production by a quaternary 


ammonium compound 


CONTROL MASH* INOCULATED MASHT 
CONCENTRATION 


OF QUATERNARY 


Alcohol a Acrolein | Alcoho ~ 


Acrolein 


ppm per cent 
None . ; 0 
1-5, 000 
1-10, 000 


* Analyzed after 72 hours’ fermentation 
7+ Inoculated with 1 ml 10°° dilution of a 24-hour broth 
culture of acrolein producer. 


TAaBLe 6. Influence of oxygen tension and agitation on 


acrolein production 


rFREATMENT™ ACROLEIN 


Incubated anaerobically under mineral 
oil. 250-ml flask sealed with parafilm. 
Not agitated 

Incubated aerobically in 1-L flask 

Incubated aerobically. Agitated in 1-L 
flask 

Incubated anaerobically under No. 
Agitated in 1-L flask 

Incubated anaerobically under COs. 
Agitated in 1-L flask 


* Portions, 100 ml of sterile 48-hour plant mash. 


strates other than grain mash for the formation of 
acrolein, Attempts to produce the aldehyde on Voise- 
net’s substrate or on tomato juice broth containing 
added glycerol were completely negative. The work of 
Reynolds et al. on Escherichia (Citrobacter) freundii 
could be duplicated readily with his organism, but not 
with ours. Since it was known that acrolein could be 
produced on a 48-hour plant beer, a sample of the 
latter was filtered, and the filtrate inoculated with 
the acrolein producer. No acrolein was produced on 
this clear filtrate, although the aldehyde was produced 
on the unfiltered mash. The presence of the grain resi- 
due, therefore, is necessary for the production of the 
compound. That the grain residue was not functioning 
in a purely mechanical manner was shown by sub- 


BAUGH AND H. A. CONNER 


TaBLe 7. Effect of glucose on acrolein production in 


“synthetic”? substrate* 
GLUCOSE 


per cent 
0 
0.1 
0.5 
1.0 
2.0 


* Substrate contained: washed grain residue from 
18-hour mash; 40 per cent tomato juice (sugar free); 1 yx 
yeast extract; 3 per cent glycerol; 0.5 per cent salts; | 
100 ml. 


stituting washed sawdust, Hyflo or Vermiculit 
the residue. No acrolein was produced on subs 
containing these materials. Mash residue was us 
a constituent of the substrate in many subse 
experiments. 


{ 


It was shown by means of appropriate experi: 
that tomato juice broth containing glycerol and glu 
cose could be substituted for the mash filtrate. [) 
table 7 are shown the effects of varying amounts ot 
glucose In a substrate containing washed grain resicdi 
tomato juice, yeast extract and 3 per cent glycero 

The acrolein production passes through a maximum 
at a glucose concentration of about 1 per cent. Highe: 
or lower concentrations of sugar resulted in 
yields of the aldehyde. The growth of the organism 
was considerably reduced in those substrates contain 
ing little or no glucose, and this may account for thi 
reduced amounts of acrolein. Possibly the organism 
can utilize glycerol much more efficiently in the pres 
ence of some glucose; but if sufficient glucose is present 
to supply the needs of the organism, then no glycero 
is metabolized. Table 8 shows the effects of va 
amounts of glycerol in the same grain residue-to 
juice substrate containing | per cent glucose. In 
ing amounts of glycerol resulted in higher viel: 
acrolein. 

Since the grain residue contains yeast cells ai 
soluble particles derived from the grains, its 
feasible to use yeast cells in place of the grain re 


TABLE 8. Effect of glycerol on acrolein production t 


‘synthetic’? substrate* 


GLYCEROL ACROLEIN 


per cent ppn 
0 0 
0.1 0 
0.5 7 
1.0 388 

2.0 4()2 

6 3.0 $80 


* Substrates contained: washed residue from 100 ml 4 
mash; 40 per cent tomato juice (sugar free); 1 per cent 
extract; 1 per cent glucose; inorganic salts; HO to 100 
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FORMATION OF ACROLEIN 

\ x: ostrate having the composition: 20 per cent moist 
vea cells, 40 per cent filtered tomato juice, 3. per 
cen glycerol, l per cent yeast extract and | per cent 
vi ose Was prepared and inoculated with the acrolein 
pro aeer. A yield of 50 ppm of acrolein was produced. 
\ rolein was produced on a substrate containing the 
yx ible fraction of an unfermented grain mash. A 
pou 0On grain mash was cooked and converted in a 
ma! ier similar to that 
\ft 


soll 


used in fermentation studies. 
filtration and washing with hot water, the in- 
le fraction was added to a substrate containing 
tom to juice, veast’ extract, glucose, and glycerol. 
fw ity-four hours after inoculation with the acrolein 
wer, the substrate contained 55 ppm of acrolein. 
the 
nechanical was found by autoclaving the grain 


nl 
prt 


( wnfirmatory evidence that above effect was 
not 
resi ue twice. A residue which was autoclaved only 
one, In combination with the liquid phase of the 
sub-irate, gave a vield of 150 ppm of acrolein. A resi- 
ue 


alte 


vhich was autoclaved twice, once alone and once 
being added to the liquid phase, gave no acrolein. 
No explanation has been found for the role of the solids 


in the formation of acrolein. 


DISCUSSION 


The organism which has been isolated and studied 
in this investigation is distinctly different from those 
previously reported to produce acrolein. It also is 
distinet morphologically from those organisms studied 
Van Boruff (1953). 
Further investigation will be required to determine 


by Serjak, Day, Lanen, and 
whether the bacterium reported here and those re- 


ported by the above investigators are related or 
whether they belong to different genera. 

The factors influencing the formation of “peppery” 
whiskey, while not unique, are such as not to be readily 
apparent. This may account for the lack of informa- 
tion concerning the phenomenon and for the many 
fanciful explanations which have existed in the in- 
dustry. It also is quite evident that the factors in- 
fluencing the formation of acrolein by this bacterium 
are different from those which influence the formation 
of the compound by other organisms. The nutritional 
requ rements of the bacterium reported here are much 
mor critical than those of other acrolein producers. 
Litt]: or no growth of the organism occurred when it 


Was noculated into Voisenet’s, Humphreys’, or Rey- 


IN DISTILLERY MASHES 13 
nolds’ substrates. All of the previously reported acro- 
lein’ producers apparently are capable of utilizing 
glycerol as the sole source of carbohydrates. The or- 
ganism used in these studies fermentable 
sugars in addition to the glycerol. It is interesting to 
note that Warcollier and Le Moal (1932) 


to effect the conversion of glycerol to acrolein using 


requires 
were unable 


the cultures which they isolated from ciders containing 
the aldehyde. 

An inspection of table 8 will reveal that a nonlinear 
relationship exists between the available glycerol and 
the acrolein which is) produced. Increased amounts 


of glycerol operate in a manner other than simply 


furnishing additional raw material for acrolein produc- 
tion. 


SUMMARY 


*Peppery”’ the 


acrolei, which in turn may be produced as the result 


whiskey is caused Hy presence ot 
of the metabolism of an unclassified bacterium. Some 
of the factors which influence the production of the 
aldehyde are the pH of the substrate, oxvgen tension, 
agitation, presence of veast cells and or mash residue, 


fermentable sugars, and glycerol. 
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Acrolein not infrequently is formed during alcoholic 
fermentation or during the storage and maturation of 
alcoholic products. It was first observed by Voisenet 
(1910) in an investigation of wine having a bitter 
flavor. In his initial report and in subsequent publica- 
tions (1911, 191la, 1913, 1914) Voisenet demonstrated 
that acrolein was always present in wines having : 
bitter character and, also, that such wines contained 
a rod-shaped bacterial contaminant which he named 
Bacillus amaracrylus. This organism, obtainable from 
water, was considered originally to be related to the 
colon typhoid group and was found to produce bitter- 
ness in normal wines and acrolein in a peptone-gly- 
cerol-salts medium. B. amaracrylus was further char- 
acterized by Voisenet (1918) and is now listed in 
Bergey’s Manual (Breed, Murray and Hitchens, 1948) 
under Bacillus polymyxa. 

The development of bitterness in wines and brandies 
containing acrolein, which per se is not bitter, has been 
explained recently by Rentschler and Tanner (1951) 
as resulting from a combination of acrolein with poly- 
phenol compounds such as the tannins found in grape 
and barrel extracts. These investigators separated and 
identified acrolein as the 2-4 dinitrophenylhydrazine 
derivative from brandies having a pungent, stinging 
character. High tannin wines were found to give 
marked bitterness upon the addition of acrolein 
whereas low tannin wines were not changed. 

Humphreys (1924) reported the production of acro- 
lein by Clostridium welchii (perfringens) and pointed 
out that the ability to produce acrolein might be useful 
in the identification of this species. Warcollier and 
associates (1932, 1934) demonstrated the production 
of acrolein in cider, brandy and pear juice by Cl. per- 
fringens. 

The production of acrolein by four strains of Esch- 
ertchia (Citrobacter) freundii and one strain of aero- 
bacter was noted by Reynolds et al. (1939). Dimedon 
(dimethyldihydroresorcinol) was employed as a fixa- 
tive in the determination of acrolein. Mickelson (1939), 
in a further study of this group of organisms, explored 
the possibility of acrolein being an intermediate in the 
formation of trimethylene glycol from glycerol but 
concluded that it was more likely an end product of 
glycerol fermentation. It is apparent from the above 
literature that at least four species of bacteria are 
capable of producing acrolein. In most instances acro- 


lein was believed to be a unique fermentation pro juet 
and of definite significance in characterizing the )ar- 
ticular species involved. 

When acrolein appears in grain alcohol ferme sty 
tions it is called “pepper”. The term “pepper” prob. 
ably originates from the pronounced irritant and 
lachrymatory properties of acrolein, especially wh: 1, it 
is distilled from affected beers. “Pepper” in commercial 
distillery operations occurs sporadically ; it may appeu 
in an occasional fermentor or in a series of ferme:)tors 
set over an extended period of time (See Nettleton, 
1913; Mills et al. 1953). During a “pepper” period, 
alcohol distillates range in acrolein content from a 
trace to as much as 100 ppm or more. Since as little as 
10 ppm in a whiskey (low-proof) distillate is readily 
detectable organoleptically, corrective measures are 
necessary. Usually, the product containing acroleii is 
redistilled to high-proof spirits during which acrolein 
concentrates in and is separated with the ‘taldehyde” 
fraction. Thus, no quality reduction is incurred by 
“pepper” if the whiskey is redistilled to spirits, but 
the redistillation and necessity of converting more 
expensive whiskey grain bills to high proof spirits 
entail additional operating costs. 

In view of previous demonstrations that acrolein 
was formed in other alcoholic fermentations by con- 
taminating bacteria, numerous attempts were mice 
in our laboratories to demonstrate the presence of {/icse 
known acrolein-producing species during ‘pepper’ 
periods and also to produce acrolein with these species 
in laboratory-scale grain alcohol fermentations. Al! 
such attempts were unsuccessful. Moreover, no eross 
differences could be found in the numbers or jor- 
phology of the bacterial flora of grain mashes during 
normal distillery operations and “pepper’’ per ls. 
In both instances the organisms, as is generall\ as- 
sumed, appeared to be lactic types and none prod) «ed 
acrolein when inoculated into grain mashes. > me 
isolates from both sources, however, were found 
able of producing acrolein in a medium compos 
grain stillage and glycerol. 

The present study, which is divided into two p ‘ts, 
was undertaken to better characterize the bact: “ial 
flora of grain mashes during a “pepper” period — 1d 
to explore some of the factors which predispo- to 
acrolein formation. Part one is concerned with he 
identification of 265 organisms isolated largely | 0™ 
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ACROLEIN PRODUCTION BY BACTERIA 15 


ero ein-containing beers and part two describes ex- 
peri ents on the production of acrolein in labora- 
torv scale grain alcohol fermentations. 


EXPERIMENTAL METHODS 


E d fermentor samples after proper dilution in 
ster) e Water blanks were inoculated into tomato juice 
agal (TJA) shake cultures as described by Garey et 
al. 945). The composition of TJA medium was as 


folle 8° 


ltered juice of canned tomatoes ml 
ifco yeast extract g 
( ucose g 
It solution A 
It solution B 
|istilled water 
rar 
\justed to pH 6.9 


Salt solution A contained 25 g each of mono- and di- 
basic potassium phosphate per 250 ml of distilled 
water. Salt solution B contained. 10 g of magnesium 
sulfate heptahydrate, and 0.5 g each of sodium chlo- 
ride, ferrous sulfate heptahydrate, and manganous 
sulfate tetrahydrate per 250 ml of distilled water. 

After 24 hours’ incubation at 37 C, the agar from 
tubes containing well-isolated colonies was ‘‘blown”’ 
into sterile Petri dishes and representative colonies 
were transferred by needle to tomato juice broth 
TJB). All isolates were replated in TJ.A medium and, 
thereafter, were carried in TJA stabs containing 5 ¢ 
glucose per liter. It was found necessary to transfer at 
intervals of about 2 weeks to maintain the viability 
of isolates. 

Growth at various temperatures was determined 
in TJA medium. Readings were made after 10 days at 
10 C and 22 C, after 72 hours at 37 C and after 6 days 
at 45 and 50 C. Acid production, as indicated by the 
final pH attained, was determined in TJA medium 
containing 3 per cent glucose which was added asep- 
tically after sterilization. Readings were made after 10 
days’ incubation at 37 C. 

Fermentation of sugars and related carbon com- 
pounds was studied in tryptone-yeast extract medium 
TY) containing 10 g tryptone, 10 g yeast extract, 10 g 
of the respective carbon source and 5 ml of salt B per 
liter. {n addition, TJB medium was used with glucose. 
Xylose, arabinose, maltose, and melibiose were steri- 
lized by Seitz filtration and added aseptically to basal 
TY :,edium. Durham tubes were inserted to detect 

oduction and readings were made after 10 days’ 
ineul ition at 37 C. Litmus milk was prepared from 
Dif Bacto skim milk. Reduction and acid produc- 
tion vere noted after 6 days’ incubation at 37 C. 

Tl. ability of isolates to produce acrolein was de- 
term ied in centrifuged grain stillage to which 20 g of 
glvee ol was added per liter. This medium was ad- 


justed to pH 5.5, tubed in 30-ml quantities, and auto- 
claved at 15 pounds for 20 minutes. After 48 hours’ 
incubation at 37 C, a 15-ml aliquot of the fermented 
medium was distilled and the first 4 ml of distillate 
was taken for the acrolein determination. Acrolein was 
determined by the method of Cirele et al. (1945). 
Glycerol was determined by the method of Amerine 
and Dietrich (1943). 

Laboratory-scale grain mashes were prepared by 
weighing 91.3 g of ground grain and 0.8 g ground malt 
into a I-liter Florence flask. Four hundred and twenty- 
five ml of water at 140 F was added to each and the 
temperature was raised with agitation to 180 F. The 
mashes were then cooked at 20 pounds for 45 minutes, 
cooled to 146-148 F. and 8 g of ground malt was added 
to each flask. After 45 minutes of conversion, during 


which the mashes were agitated intermittently, the 


flasks were cooled to 75 F. and the pH adjusted to 4.8 
with lactic acid. The final weight of each mash was 
brought to 571 g with water and 15 ml of a 24-hour 
yeast culture was added. Acrolein-producing organisms 
were introduced as indicated and all mashes were 
fermented 72 hours at 90 F. 
EXPERIMENTAL RESULTS 

Table 1 shows the locations routinely sampled in 
our Peoria distillery and typical bacterial (TJA) 
counts at these locations. It may be seen that barley 
malt meal, in both dry and slurry form, carries a high 
bacterial load. Converted mash, which is comprised 
of grain meal cooked under pressure and thereafter 
cooled and saccharified with malt slurry at 148 F for 
30 minutes, is substantially reduced in bacterial num- 
bers. There is a slight increase in the number of bac- 
teria in mash as it is pumped through the vacuum 
cooler to the fermentors. Mash is diluted in the fer- 
mentors by the addition of about 25 per cent of sterile 
stillage which accounts for the slight lowering of the 
bacterial count at this stage. Bacterial numbers re- 
main low during the major portion of the fermenta- 
tion. However, in the late stages of the fermentation, 
when the sugar fermentable by yeast is almost com- 


TaBLeE 1. Bacterial counts at various steps of grain mashing 


and fermentation 


BACTERIAL 
SAMPLE eaten 


millions/¢ 
Corn meal 0. 
Barley malt meal 6.! 
Barley malt slurry . 
Converted corn-malt mash 0.0001 
Converted mash from vacuum mash cooler 0.0013 
Set fermentor, corn-malt mash 0.0006 
24-hr fermentor, corn-malt mash 0.17 
72-hr fermentor, final beer 200 


* Tomato juice agar medium. 





SERJAK, DAY, VAN LANEN, AND BORUFF 


TABLE 2. Formation of glycerol in a commercial grain 


alcohol fermentation 


HOURS OF FERMENTATION 


0 (Set fermentor) 
Ss 
16 
24 
30 


55 (Final fermentor sample) 


* Includes the glycerol introduced with the seed yeast. 


pletely utilized, the bacterial count increases rapidly, 
as indicated by the 72-hour count of 200 million per 
ml. As stated previously, bacterial counts during 
“pepper” periods are not significantly different from 
those found during normal operations, although it is 
fairly common to find lower than normal counts on 
these occasions. 

The formation of glycerol during alcoholic fermenta- 
tion is well known. Representative data obtained from 
the progressive analysis of a commercial-scale grain 
alcohol fermentation are shown in table 2. While acro- 
lein production in a given fermentation might be ex- 
pected to cause a reduction in glycerol content, analy- 
ses of a number of acrolein and non-acrolein fermentors 
failed to establish a quantitative relationship between 
glycerol utilization and acrolein production. Ap- 
parently, only a small percentage of the glycerol con- 
tained in a fermenting grain mash is metabolized by 
the bacteria present. 

While a trace of acrolein occasionally may be formed 
during the active stage of yeast fermentation (18-30 
hours), most commonly, if formed, it begins to appear 
during the period closely corresponding with the sharp 
increase in bacterial numbers. For this reason the pres- 
ent isolations were all made from final fermentor 
samples. Data on the fermentors sampled and the 
numbers of isolates obtained from each are shown in 
table 3. 

When replated on TJA medium to check their 
purity, most of the isolates appeared in the form of 
one or more of four different smooth, subsurface 
colony types. The predominant type was ellipsoidal or 
lens-shaped, the others spindle, cloverleaf or collar- 
button types, depending upon the direction of out- 
growths from the original lens-shaped colony. One 
round Rough type also was frequently observed. 
Colonies ranged from about 0.25 to 2.0 mm in size. 

All isolates were gram positive (gram variable in 
older cultures) nonmotile, nonsporulating, catalase- 
negative, microaerophilic rods which occurred singly, 
in pairs, and in short chains. No streptococci or ob- 
ligate anaerobes were found, although various media 


and culture conditions capable of supporting the 


TaBLe 3. The source of bacterial isolates identified 


“ “aa MAS BEEe porescnaf 
Milo-malt 4 
Milo-malt 
Milo-malt 
Milo-malt 
Milo-malt 
Milo-malt 
Corn-malt 


th Ww lo 


—e iti SY 


Corn-malt 

Corn-malt 
19 Corn-malt 
17-1 ( 


IS 


‘orn-malt 


Total 


growth of such organisms were used. Thus, the « 


flora appeared to be limited to members of the 


Lactobacillus. 

Based upon the morphological and physiol 
characteristics summarized in tables 4 and 5, 2 
the isolates were arranged into one homoferment 


group (A) and seven heterofermentative groups (13 


The remaining 17 isolates could not be classified 
frequency of appearance of groups A-H_ in th 
mentors sampled was as follows: 

actobacillus Group 


No. of fermentors positive 
of 11 sampled 


The characteristics of group A organisms: al 


good general agreement with those ascribed (B« 
Manual) to Lactobacillus plantarum. The only « 
ences noted were that group A organisms were s 
what shorter, failed to coagulate litmus milk alt! 
they produced some acid, and varied in their ferm 
tion of xvlose. Neither L. plantarum nor any « 
group A isolates produced acrolein from. st 
glycerol medium. 

The remaining groups (B through H) were hi 
fermentative, particularly on glucose substrates. 
ever, gas production varied markedly with the 
medium, being very low or negligible in TY mi 
and abundant in TJB medium, or the mediu 
Krehl ef al. (1943). Since each of these medi: 
ported good to excellent growth, the existence 
latter two media of a factor necessary for the 
down of triose compounds is suggested. Supplem: 
the TY medium with thiamine and vitamin B, 
pounds failed to increase the amount of gas prod 

Group B organisms resemble most closely 
bacillus brevis. However, this group differed fr: 
brevis in that few strains produced acid in litmus 
As with some strains of L. brevis, sucrose, lacto- 
raffinose were not fermented while mannose w: 
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TABLE 4. Characteristics of Lactoba 
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NO. OF 
ISOLATES 


Galactose 
abinose 


Fructose 


Ar 


> 


acid; G = gas + = 


W-+ 


sources. 


Variable acid production. 
few isolates produced acid from these carbon 
few strains of each of these groups were weak gas producers 
mented only by some of the members of the group but 
without gas production. 
Gr c, BD, 1D 


is buchnert and similar to one another with re- 


Ups and are closely related to Lacto- 
bars 

spect to temperature relationships and the final pH 
ced by each in TJB medium. All the isolates of 
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all 
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laile’ to ferment rhamnose. Groups C and 


duce 
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acid in these media. mannitol, and 


ol were fermented by a few group E isolates but 


Inulin, salicin, 


ne of the group D isolates. A weak glycerol 
itation was observed with some group C isolates 
‘w fermented mannitol. Eight of the 72 group 
and E organisms produced acrolein in stillage- 
ol medium. 
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ith, Lactobacillus pastorianus. These isolates did 
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of L. pastorianus but their average length was greater 
than that found with the other groups except group 
H which were about the same size. Group F organisms 
and L. pastorianus produced acid and gas from glucose 
and acid from arabinose, fructose, galactose, maltose, 
by EL. 


pastorianus, Was attacked by some but not all group 


sucrose and raffinose. Trehalose, fermented 
F organisms. Xylose, inulin, and rhamnose which are 
not fermented by L. pastorianus were not utilized by 
this the group partially reduced 


litmus milk and developed a slight acid reaction, while 


group. However, 
L. pastorianus produced acid in litmus milk. Four of 
the group F 
stillage-glycerol medium. 


seven organisms produced acrolein in 

Groups G and H differ appreciably from previously 
described species of lactobacilli. Group G organisms, 
to L. 


were slightly smaller in average size under comparable 


while similar in several respects pastorianus, 


growth conditions and displayed a lower growth tem- 
perature. Further, none of the group G_ isolates, in 
contrast to L. pastorianus, formed acid in either lactose 
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medium or litmus milk, but all actively fermented 
trehalose. None of the 36 isolates produced acrolein in 
stillage-glycerol medium. 

Group H organisms were separable from the previous 
groups by their inability to ferment xylose, fructose, 
and_ trehalose, addition to negative reactions on 
rhamnose, inulin, salicin, and mannitol. Only a few 
members of this group produced acid from mannose 
and glycerol, and both groups G and H bear some rela- 
tionship in general morphology, low maximum growth 
temperatures and weak gas production to the lacto- 
bacilli found by Niven ef al. (1949) to cause a green 
discoloration of sausage. However, each of these types 
are distinguishable from the others by their reactions 
on various sugars. By the same criteria, groups G and 
H are distinct from L. 
and Walker, 1953) 
Walker, 1953a). 

Although 55 of 57 group H organisms produced 
acrolein in stillage-glycerol medium, only a small 
percentage fermented glycerol with the production of 
acid. The low fermentative activity of this group on 
glycerol suggested that acrolein might not arise from 
the fermentation of glycerol. To investigate this possi- 
bility, the action of representative group H isolates on 
glycerol and glucose, separately and in combination, 
was determined, using conventional Warburg tech- 
niques. Preliminary results showed that glucose was 
readily oxidized without acrolein formation, whereas 
glycerol (initial concentration, 15 mg per ml) was not 
oxidized but approximately 1 per cent was converted 
to acrolein during a 1-hour incubation period at 30 C. 
With glucose and glycerol in combination, no acrolein 
was formed and the rate of oxygen uptake was un- 


(Russel 
parvus N.sp. (Russel and 


malefermentans N.sp. 


and L. 


TABLE 6. Acrolein organisms in distillery raw materials 


SAMPLES 
NO, OF CONTAINING 
SAMPLES ACROLEIN- 
TESTED PRODUCING 
ORGANISMS* 


MATERIAL TESTED 


per cent 

Well water. . 
Yeast inoculum. 
Backstillage . 
Lactic elias (L. de eusksl). 
Barley malt: 

Malt company / 

Malt company 

Malt company 

Malt company 
Milo (grain sorghum) dust. 
Milo (grain sorghum) meal. . . 
Corn meal : * 

ey malt sac charified | grain steanhes? : 


32 


* Tests conducted in stillage-glycerol medium. 


LANEN, 


AND BORUFF 


TABLE 7. Effect of inoculum size upon the productio 
acrolein by Lactobacillus strain no. 208 in milo 


(grain sorghum) mashes 


CELLS OF STRAIN 
NO. 208/m] OF MASH 


ACROLE 
DISTIL 


INOCULUM ADDED FINAL pH 


per cent by volume bp 
None 19 Nor 
0.0001 0.2 X 10° 25 20 
0.001 2.0 X 103 4.25 10 
0.01 2.0 X 104 17 Tra 
0.1 2.0 X 105 4.10 No: 
1.0 2.0 XK 10° .09 No: 


changed over that with glucose alone. Thus, in th 
presence of glucose, glycerol is not converted to » cro 
lein by this group of lactobacilli. 

Subsequent studies were directed toward the m: 
in which acrolein-producing organisms are brought 
the distillery and, after introduction into the distil ery 
the factors which lead to acrolein formation. Tal le ( 
shews the incidence of acrolein-producing organisnis i) 
distillery raw materials. It will be noted that grai 
and grain dust are frequently contaminated with thes 
types with over half the barley malt containing scro- 
lein-producing bacteria by the stillage-glycerol test 
Since malt is the only raw material not sterilized in 
the mashing process, it is the most probable externa! 
source of acrolein-producing organisms. 

Using a typical group H isolate (no. 208), the in- 
fluence of inoculum size upon acrolein production in 
grain mashes undergoing alcoholic fermentation was 
investigated. As stated previously, all prior attempts 
to produce acrolein in laboratory-scale grain mashes 
had been unsuccessful. Table 7 shows the results of « 
typical experiment. It will be noted that, contrary 
to expectations, only the low inoculum levels led to 
acrolein formation. By controlling the inoculum size 
in subsequent experiments it was found that acrolein 
could be produced in laboratory-scale mashes with 
only an occasional failure. This observation made 
possible the study of numerous variables on acrolein 
formation in alcoholic fermentations. 

Table 8 shows the production of acrolein in m:shes 
fermented with different distillers’ yeast cultures. All 
mashes were prepared in the same manner anc in- 
oculated with 0.001 per cent by volume of a 24-\\our 
culture of Lactobacillus strain no. 208. Alcohol \ elds 
varied from 6.26 proof gallons per 56 lbs of grain dry 
weight basis) with yeast no. 1 to 6.09 proof g: ‘ons 
with yeast no. 6. Acrolein in the distillates ri ged 
from 13 ppm with the highest yielding yeast to | »pm 
with the lowest. Thus, more efficient yeasts \ ich 
better utilize fermentable sugars led to greater «ro- 
lein production. This experiment confirms plant. «ale 
experience, since acrolein generally accompanies pc ods 
of high alcohol yields when fermentation efficic cies 
are at their peak. 
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Tal LE 8. Acrolein production by Lactobacillus strain no. 208 
milo (grain sorghum) mashes fermented with various 
yeast strains* 


charomyces ALCOHOL YIELD, 


erevistae PROOF GAL. 56 LBS 
ISTILLERS OF GRAIN 
STRAINS DRY BASIS 


ACROLEIN IN 
DISTILLATE 


).26 13 
> OF 


=) 
).25 5 
9.18 5 
3.98 3.09 3 
95 5.09 1 


\ll mashes received 0.001 per cent by volume inoculum of 
culture of Lactobacillus strain no. 208. 
+ Seventy-two-hour fermentation at 90 F. 


nee both acrolein- and nonacrolein-producing or- 
galiisms occur in grain mashes it became of interest 

etermine what effect, if any, the nonacrolein types 
migit have upon acrolein production. Table 8 shows 
the results of a laboratory experiment in which corn- 
malt mashes were seeded with the usual 3 per cent by 
volume of yeast. Another set received, in addition, 
0.001 per cent by volume of Lactobacillus strain no. 208 
and the third received an equal amount of this culture 
and, in addition, 0.05 per cent by volume of mixed 
nonacrolein flora obtained from a final fermented beer. 
It is apparent that the mixed flora inhibited completely 
the production of acrolein. 


DISCUSSION 


The data obtained in the microbiological survey of 
our plant show that, 1) the numbers of bacteria in 
distillery raw materials are sharply reduced during 
the mashing process, and 2) the surviving bacteria 
which later develop during yeast fermentation are 
restricted to a homogenous group, namely, the lacto- 
bacilli. The presence of other types of bacteria such 
as the aerobic and anaerobic spore formers, the de- 
struction of which would not be expected by the time 
and elevated temperature of saccharification (148 F for 
30 minutes), were not demonstrable owing probably to 
the low pH of set mashes (4.8-4.6) and in the case of 
aerobes, the low redox potential. 

proximately 50 per cent of all the malt samples 
examined contained acrolein-producing organisms with 
malts from the four individual suppliers ranging from 
27 ty 63 per cent positive. Since malt is not sterilized 
in the mashing process and cannot be subjected to 
high r temperatures without loss of enzyme activity, it 
is p\ obably the principal external source of acrolein- 
forn ng organisms in grain distilleries. Of course, after 


bein. introduced into distillery mashes and equip- 
men. these types could be maintained and recycled 
by ie incomplete sterilization of fermentors, mash 
lines and so forth. 


TABLE 9. Influence on acrolein production of tnoculating grain 


mashes with acrolein and nonacrolein-producing lactobacilli 


ACROLEIN 
PRODUCING 
Lactobacillus 
STRAIN NO. 208, 
INOCULUM BY 
VOLUME 


NONACROLEL ALCOHOL 
PRODUCING YIELD, PROOF BACTERIA 
TYPES* GAL 56 LBS COUNT AFTER 
INOCULUM GRAIN 72 HR 
BY VOLUME DRY BASIS 


ACROLEIN IN 
DISTILLATE 


per cent ~ per cent millions/ml ppm 
None None 6.15 S4 None 
0.001 None 6.03 130 20 
0.001 0.05 5.96 70 None 


Mixed flora from nonacrolein distillers final beer. 


Considering the high frequency of occurrence of 
acrolein-producing bacteria in malt as well as in grains 
and grain dust, the question arises as to why “‘pepper”’ 
is not more frequently encountered in the fermentation 
of grain mashes. A logical explanation for the low in- 
cidence of “pepper” can be drawn from an examination 
of the data presented in tables 7 through 9. The rela- 
tively high saccharification temperature and the sub- 
sequent physical and chemical environment of fer- 
menting grain mashes restrict the bacterial flora to 
Lactobacillus types such as those described above. 
Under normal operating conditions in a given distillery, 
this flora is quite reproducible, varying only in individ- 
ual rates of growth and, consequently, in the numbers 
of each type at any particular sampling time. Likewise, 
the maximum bacterial population is generally at- 
tained before the fermentable carbohydrate supply is 
exhausted. Under this so-called ‘‘normal’’ growth pat- 
tern, nonacrolein types (for example groups A to G) 
predominate over acrolein-producing organisms as 
shown in table 9 and no acrolein is formed. 

If, conversely, the surviving lactobacilli develop a 
a subnormal rate and both growth and carbohydrate 
metabolism are actively progressing after the fer- 
mentable carbohydrate supply is depleted, then glye- 
erol is utilized as a carbon source with the formation 
of acrolein. This situation might result from lower 
numbers of total bacteria initially (table 7), an ab- 
normally high ratio of acrolein to nonacrolein types, or 
an environment less favorable to rapid bacterial 
growth. These conditions are in harmony with the 
observation that “pepper” is more likely to occur 
where plant sanitation measures are only partially 
effective with the result that bacteria are reduced in 
number but not eliminated and reach maximum num- 
bers at a later stage in the alcoholic fermentation. 
High-yielding yeast strains which effect an early and 
substantially complete removal of maltose (table 8) 
likewise favor acrolein production and play a role in 
determining whether or not this substance will be pro- 
duced. 

Since present grain distillery practice using malt as 
the saccharifying agent precludes bacteria-free opera- 
tions, an occasional attack of “pepper” is probably 
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unavoidable. The observation of Mills et al. (1953) 
and the preliminary Warburg studies previously dis- 
cussed, which show that glycerol is not converted to 
acrolein in the presence of glucose, suggest that ‘‘pep- 
per” could be prevented or its production terminated 
by maintaining a low level of fermentable sugar in 
the fermenting mash. Insofar as the authors are aware, 
however, this method has not been tested during an 
actual “pepper” period. 

As the number of bacteria shown to be capable of 
converting glycerol to acrolein increases, it becomes 


evident the required enzyme system is more widely 


distributed than previously believed. Further surveys 
using glycerol as the sole energy source might reveal 
even more species which can form acrolein. Therefore, 
this property can no longer be relied upon as an aid to 
the identification of bacteria, as has been frequently 
suggested. 
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SUMMARY 


The bacterial flora associated with fermenting grain 
mashes in this survey were found to consist solely of 
members of the genus Lactobacillus. 

Of the eight types consistently found, six were iden- 
tical or closely related to known species of lactobacilli, 
while two types may represent new species. 

Sixty-seven of 265 isolates were capable of acrolein 
production in- stillage-glycerol medium. The most 
predominant acrolein-forming type was group H, in 
which all but 2 of the 57 isolates were acrolein-positive. 
Group H organisms are characterized also by their 
inability to ferment the more common sugars. 

Barley malt appears to be the main external source 
of acrolein-forming organisms, although they are also 
present in other grains and grain dust. 

Acrolein appears in grain mashes only under specific 
and seldom attained conditions involving primarily a 
low order of initial contamination, substantially com- 
plete sugar fermentation by the yeast, and the active 
growth of acrolein-producing types after the fer- 
mentable sugar supply is exhausted. Glycerol is then 
metabolized and acrolein is formed. 
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has been shown (Ruchhoft ef al. 1948a, 1948b, 
rer and Bradney, 1946) that results of B.O.D. 
on sewage plant effluents as well as on polluted 
ral waters are subject to misinterpretation due to 
rence of nitrification in variable and unpredict- 
amounts. There has been no satisfactory control 
‘correction for, this nitrification. Therefore it was 
ved that a knowledge of the nitrifying organisms 
id the kinetics of their growth under conditions ap- 
roximating those found in the B.O.D. test would 
ssist In understanding this situation. Also, since the 
weurrence of nitrification during the 5-day B.O.D. 
lepends upon the number of nitrifying organisms 
present, the effect of storage on viability of the or- 
ganisMS Was Investigated. 

This study has been concerned with one of these 
itrifving organisms, namely, Nitrosomonas sp., an 
utotroph which oxidizes ammonia to nitrite. Popu- 
tions of this organism cannot be easily counted by 
ihe usual plate methods. However, the determination 
f nitrite can be readily made by means of the well- 
snown, simple, rapid, and accurate chemical method. 
therefore, the use of the nitrite test in studying growth 
ates of this organism would be a great convenience 

provided its use could be shown to be valid. 
It is well known that the logarithmic growth of 
acteria Can be represented by the following equation 
K, = = log a (1) 

Sis 
initial population 
population at time ¢ 
K, = growth rate constant. 


iief, Hlinois State Water Survey, Research Professor of 

stry, University of Illinois. 

‘search assistant. 

sistant chemist. 

e Biochemical Oxvgen Demand (BOD) test (Standard 
s for Examination of Water and Sewage, Ninth Edition, 
139) is almost universally used to estimate the strength 

‘entration of polluted effluents. As carried out, the test 
es the oxygen uptake resulting from the action of 

s when the effluent is incubated in a known dilution of 

rd aerated dilution water. 


The rate of production of a chemical product such 
as an acid or COs, where such a product is the direct 
result of growth metabolism, can be used as a measure 
of the rate of production of cellular protoplasm. Gun- 
salus (1951) states that: “such measurements are ac- 
curate only under conditions in which the metabolic 
activity per unit protoplasm is Constant, a circumstance 
which is frequently, though by no means always, met 
in growing cultures.”’ If this condition is met during the 
growth of Nitrosomonas then the growth equation can 
be written 


ee 
k, = — lore — 
i N 


where Vy = initial nitrite concentration 
N = nitrite concentration at time ¢ 
K,, = nitrite rate constant. 


This relationship assumes that the inoculum is 
transferred from an actively growing culture such that 
the initial nitrite is proportional to the initial popula- 
tion. 

If equation 2 is valid, the more easily determined 
constant, A,, can be used rather than A, as a means 
of evaluating the effects of alterations in environ- 
mental conditions on the growth of Nitrosomonas. 
Also, if the ratio K,, AK, is constant, or in other words 
if the number of Nitrosomonas cells formed at the ex- 
pense of the oxidation of a given amount of ammonia 
is constant, then it would be possible to estimate the 
population of Nitrosomonas by determining the amount 
of metabolic nitrite present. 

The relationship between P and N in the exponential 
phase can be obtained when the equation for nitrite 
formation 


dN = K,Ndt 
and the equation for cell formation 
dP = K,Pdt 
are divided and integrated. The resulting expression is 
Po 


P me NK 


7 peers (3) 
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When this equation is plotted log N vs log P a straight 
line is obtained from which P can be determined from 
known values of nitrite. The utility of the equation 
depends upon the constancy of the ratios K,/K, and 
Po/No. 

In order to test the validity of these relationships 
nitrite and population determinations were made 
during the course of the incubation period under the 
indicated environmental conditions. The values for 
nitrite concentration or for population were plotted 
against time on semilogarithmic paper. The best fit 
straight line was determined by the regression method 
(Snedecor, 1946) through points in the logarithmic 
phase. Values of K, or K, were determined for each 
experiment from the slope of this line according to 
equations | or 2. 


EXPERIMENTAL METHODS 


Medium. The inorganic medium used contained 
ammonia as the only oxidizable material and was a 
modification of the dilution water described in Stand- 
ard Methods for the Examination of Water and Sewage 
(1946). The composition was as follows: 

Constituent 
FeCl;-6H2O 
CaCly-2H.0 
MgSO,-7H20 
KH2PO,. ; 
(NH,4)2SO,4 (as N) 
NaOH to adjust to pH 8.0-8.5 


The medium was sterilized in the culture flasks 
which were either 1-liter Erlenmeyer flasks or 8-o0z 
medicine bottles. One milliliter of a sterile 2.5 per cent 
NaHCOs solution was added for each 100 ml of me- 
dium. Additions to the culture media, such as for the 
studies on the influence of organic matter on the 
growth rate, were made from sterile solutions of known 
concentrations. 

Inoculum. The original source of the inoculum was 
the trickling filter effluent of the local sewage treat- 
ment plant. Continuous subculturing into the medium 
described resulted in an enriched culture which pro- 
duced a Nitrosomonas population of approximately 
10° cells per ml. Those tubes inoculated with dilutions 
of 10’ which showed growth were subcultured. A cul- 
ture capable of oxidizing ammonia to nitrite, in- 
‘capable of further oxidation of nitrite, and incapable 
of growth in nutrient broth at 20 C or 37 C was ob- 
tained. Therefore, this culture was assumed to be pure. 

Inocula of the enriched and of the pure cultures of 
Nitrosomonas ranged from 1 to 10 per cent depending 
on the temperature of incubation and growth rate of 
the culture. 

Population determinations. The use of agar plates 
which are commonly employed for estimating popu- 
lations in bacteriological studies was not possible in 


these experiments since these organisms are stri | 
autotrophs. We were unable to obtain growth with t 
inorganic medium on silica gel plates or on Lud 
plates (Temple, 1949). Turbidimetric measureme: 
which require cell concentrations around 10’ or 10° | 
ml were not possible since the maximum populati 
obtained was of the order of 10° cells per ml. Dir 
microscopic counts, which include both viable a 
nonviable cells, produced disproportionately — la; 
errors in the early counts and could not be used. ‘I 
dilution method, although subject to rather la 
errors, appeared to be the only practical one availa! 

For this purpose ten inoculated tubes in each 
four serial 10-fold dilutions were incubated at 30 C 
2 to 3 weeks. The presence of nitrite at the end of 
incubation period indicated an inoculum contain 
at least one viable cell. The population was estima 
from the probability tables of Halvorson and Zieg 
(1932). 

Incubation. For the experiments reported in th 
paper a temperature range of 10 to 37 C was e1 
ployed. A refrigeration box with incubation control 
was used for temperatures below room temperature 
and a water bath was used for higher temperatures. 
An electrically heated air incubator and a 37 C con- 
stant temperature room were also available. The 
temperatures remained constant to +0.5 C. 

Nitrite determination. The Standard Methods pro- 
cedure (sulfanilic acid and a-naphthylamine) was used 
with the following modifications. 


1. The range of nitrite standards used for the calibra 
tion curve was 0.1 ppm to 0.4 ppm. Dilutions of 
the culture media were made so as to fall within 
this range. The total volume, including 0.5 ml of 
each reagent, was 6.0 ml. 

2. Duplicate standards and samples were prepared in 
test tubes. Readings were made directly in the 
test tubes with the Lumetron® (photoelectric 
colorimeter) model 400-A with the 530-my filter 


RESULTS 

Determinations of K,, Kn, and K,/Ky at various 
temperatures. Subcultures of Nitrosomonas, in ‘he 
medium described above, were made for a period of 
approximately 2 years. In each case the course of 
oxidation during the incubation period was follo: 
solely by nitrite production. The uniformity of res 
indicated that the relationship expressed in equatio 
would hold. Additional studies were conducted 
which determinations of nitrite and cell concentrati 
were made at five or six different time intervals dui 
the incubation of the culture at a specific temperat: 

Figure 1 shows typical results from cell counts 
the dilution method as well as rate of nitrite pred 

5E. I. Du Pont de Nemours & Co., (Inc.) Wilming 
Delaware. 

5 Photovolt Corp., New York City, N. Y. 
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ig. 1. Cell concentration and nitrite concentration during 
growth of Nitrosomonas at 20 C with initial 3 ppm NH; 
trogen. 


‘ 


tion. As can be observed, nitrite production parallels 
cell production. K, and K, were evaluated as de- 
scribed above. Table 1 shows the results of all the 
determinations including both pure and enriched 
cultures, and table 2 shows K, and K, values for the 
pure cultures only. The maximum rates were obtained 


at 32 C. The Qi (where Qi = K: for a 10° change) 
Kk, 

for nitrite formation is 1.86 and for population increase 

is 1.70. 

Table 2 also shows the values for K,/A, for pure 
cultures, Statistical treatment of the ratio K,/K, for 
pure cultures at the various temperatures shows that 
this ratio is not influenced significantly by tempera- 
ture of incubation. This indicates that the number of 
cells formed at the expense of a given amount of am- 
monia oxidized is constant for the respective tempera- 
tures studied. 

i'ffect of ammonia concentration on K,. Since the 
relationship between AK, and K, had been shown to 
be constant at various temperatures, it seemed rea- 
sonible to assume the same ratio to hold at different 
ammonia concentrations. For this reason, only the 
rates of nitrite formation were studied at constant 
feniperatures and varying ammonia concentrations. 
Daia were obtained for various ammonia nitrogen 
conventrations from 0.3 to 10.0 ppm and at incuba- 
tio: temperatures of 20 C, 30 C, and 32 C. Pure cul- 
tur’s were used as inocula. In figure 2 the rate constant 
K,. s plotted against ammonia nitrogen concentration. 


It 


Wa 


in be seen that at each temperature about 5 ppm 
the optimum ammonia nitrogen concentration; 


23 


TaBLE 1. Average K values of cultures* of Nitrosomonas sp. 
obtained with 3 ppm NH; nitrogen at various temperatures 


NUMBER OF 


TEMPER- DETERMINATIONS 


ATURE 
Kn 

Cc 

10 d 0.25 0.01 

15 ‘ : 0.50 5 0.06 
20 0.94 RS 0.10 
25 : 1.39 
30 q 1.74 
32 1.70 2.06 0.24 
35 ‘ 1.74 0.06 
37 . 0 0.43 0.04 


* This table includes values obtained with enriched and pure 
cultures. 

+ K, = nitrite rate constant. 

t AK, = growth rate constant. 


TABLE 2. Ratios of K,/K, for pure cultures and the F* value 


TEMPERATURE ; 4 Kn/Ky 


93 
AS 
24 
14 
9 | 80 
ol 
83 2.20 
66 61 
95 2.06 


Mean K,/K, = 0.90 Mean K,/K, = 1.11 

* The variance ratio, F 
S% = 0.0085 S2, = 0.0112 

85 
= Saris = 0.759 
however, the effect was more marked at the higher 
temperatures. By plotting the recovery of nitrite after 
growth had stopped versus initial ammonia concentra- 
tion, a straight line of slope 1 was obtained indicating 
very nearly complete oxidation of the ammonia to 
nitrite. 

Effect of organic matter on K,. Nitrosomonas in pure 
culture was grown (20 C) in the presence of peptone 
and yeast extract, respectively. Table 3 shows the 
effect of 0.1, 1.0 and 10.0 ppm of each of these sub- 
stances upon K,, during a 5-day incubation period. A 
concentration of 0.1 ppm of either substance was with- 
out effect but 1 ppm produced a significant change in 
each case. Similar experiments with glucose in con- 
centrations up to 200 ppm showed no alteration in 
rate of growth. 

Influence of storage on subsequent growth rate at 20 C. 
The effect of storage on the ability of these organisms 
to resume growth at a normal rate when placed in a 





BUSWELL, SHIOTA, LAWRENCE, AND VAN METER 


ii a 
oo 

" i 

oe _— ° 





i 5 
' ' 


6 10 
Ammonia Concentration ppm N 





f “Fig. 2. The effect of ammonia concentration on rate of 
nitrite formation at 20, 30, and 32 C. 


suitable medium was examined by subculturing at 
increasing time intervals from a culture that had 
oxidized 3 ppm of ammonia in 5 days at 20 C. Eleven 
subcultures were made varying from the 5th to the 
3ist day after inoculation of the parent culture. KX, 
values, calculated from equation 2 at daily intervals 
for each subculture, were constant, showing that no 
significant change occurred through the 12th day. 
Those subcultures made on the 14th through the 24th 
day did not exhibit a normal XK, value until the 2nd 
to 3rd day interval. The last subculture, which was 
made the 3lIst day, attained a normal rate by the 3rd 
to 4th day interval. In all cases a rate comparable to 
that of the parent culture was eventually attained. 
Investigations were made as to the ability of or- 
ganisms, in which logarithmic growth was established 
prior to storage, to resume growth at a normal rate at 
20 C after storage for various periods at 5 C. Eight 
cultures were incubated at 20 C for 2 days and then 
placed in a refrigerator. Two bottles were removed 
after storage intervals of 11, 20, 32, and 49 days, re- 
spectively, and again placed in the 20 C incubator. As 
expected, the longer periods of storage resulted in 
slower resumption of the normal exponential growth 
rate. However, even after a storage at 5 C for 49 days, 
the normal rate was resumed in approximately 3 
days, indicating that some of the organisms remained 
viable and unchanged for the period of storage. 
Prediction of occurrence of nitrification. When 62 de- 
terminations of P and N under varying conditions were 
plotted as indicated in equation 3 and a best fit line 


TABLE 3. Effect of organic matter on K,, by pure cultures 
of Nitrosomonas* 


Ky, YEAST EXTRACT 


ppm ppm 
0.0 0.91 0.0 
0.1 0.90 0.1 
1.0 0.66 1.0 
10.0 0.38 10.0 


* Incubation at 20 C. 


drawn, the slope of the line was found to be 1.2 whi sh 
agrees reasonably well with the ratio of A,/K, 4s 
found earlier. Therefore, it is justifiable to assure 
that the ratio is constant under varying conditions a id 
that Nitrosomonas population can be estimated 5, 
measuring the amount of metabolic nitrite prese\it, 
These relationships may have application in tie 
prediction of the occurrence of nitrification in streanis 
The prediction must be based on a knowledge of the 
stream conditions which affect the growth rate oi 
Nitrosomonas and a knowledge of the number of these er 


organisms present. ub 


Anerobic conditions due to nitrification alone may in 


develop when conditions are such as to remove 6-8 dition 
ppm dissolved oxygen (D.O.). An approximate «s- abser 
sumption may be made that if the number of nitrificrs troge 
is insufficient to remove this amount within a 5-day 

period no serious ammonia B.O.D. will develop. Ob- 

viously, the critical numbers depend on the particula 
environmental conditions in the river affecting growth 

rate. Approximate values of this critical population 

were obtained from calculations based on the rate 
constants as determined under our laboratory condi- 

tions. The minimum number of organisms per ml re- 

quired to remove 6 ppm dissolved oxygen are shown 

below: 

Water Minimum population/ml to 


Temperature remove 6 ppm D.O 
( within 5 days 


10 240, 000 
15 37,000 
20 5,000 
25 225 


30 25 


The extent to which the rate constants, on wl ch 
these figures were based, would be altered by river « 
ditions as compared to laboratory conditions is ‘1- 
known. It seems likely that a less favorable envi! 
ment would be presented in the river and that 
critical numbers would be higher than those sh« 
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SUMMARY 


The ratio of the growth rate constants for Nitro- 
ionas K,/K, appears to be constant, thus estab- 
- jing a correlation between nitrite concentration and 
number of these organisms per ml during the ex- 
ential growth phase. The values of A, and K,, are 
ificantly affected by temperature variations in 
range of 10 to 37 C. 
‘or Nitrosomonas, growing at 20 C in the absence 
organic matter but otherwise under conditions ap- 
roaching those of the B.O.D. test, the values for the 
stants A, and K,, were found to be 1.12 and 0.94, 
pectively. These rates are such that nitrification 
| form all or a large part of the 5-day B.O.D. Pro- 
ged storage was found to result in a decrease in 
nber of these organisms. Thus storage is a factor 
ermining the incidence of nitrification during the 
ubation period of the B.O.D. test. 
Under our laboratory conditions, the optimum con- 
tions for growth of this strain of Nitrosomonas in the 
sence of organic matter were 5 ppm ammonia ni- 
ogen, pH 8.0 to 8.5, and temperature 32 C. Glucose 
n concentrations up to 200 ppm had no effect on the 


growth rate while peptone and yeast extract had a 


retarding effect in concentrations as low as 1 ppm. 


A knowledge of Nitrosomonas population, which 
can be estimated from nitrite production, and a know!l- 
edge of growth rates under the specifie conditions 
would permit the prediction of the occurrence and 
extent of nitrification. 
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Niven, Castellani, and Allanson (1949) described a 
new species of heterofermentative Lactobacillus that 
frequently is the cause of surface greening on cured 
meat items. This type of discoloration results from 
contamination of the meat surface after heat process- 
ing followed by holding conditions that allow exten- 
sive growth of these bacteria. The green color is the 
result of hydrogen peroxide produced by these bac- 
teria reacting with the cured meat pigment (Niven, 
1951). Lactobacilli with identical serological, physio- 
logical, and nutritional characteristics also were iso- 
lated from sausages with green cores (Niven and 
Evans, 1950; Evans and Niven, 1951). This latter 
type of discoloration is caused by bacteria that sur- 
vive the smoking and cooking process and multiply 
to a large population during subsequent storage of 
the product. The green core does not appear until 
the cut surface has been exposed to air for several 
hours, allowing the microorganisms in the core are: 
to produce hydrogen peroxide (Niven, 1951). 

Thermal tolerance studies on some of these greening 
lactobacilli showed that strains isolated from green 
cores survived 6 to 10 times as long at 145 to 155 F 
as did strains isolated from cases of surface discolora- 
tion. These unexpected results suggested the possi- 
bility that conditions of manufacture and handling 
of these products in some plants are such that pro- 
gressively more heat-resistant strains are ‘‘selected”’ 
or ‘‘trained”’. 

The heat resistance of lactobacilli from cheese has 
been studied by Slatter and Halvorson (1947) and 
Bassett and Slatter (1953) without reporting any 
similar wide variation in resistance among closely 
related strains. White (1953), studying the variations 
in heat resistance of a culture of Streptococcus faecalis 
in different stages of its life cycle, found that survivor 
curves of young cultures often show a change in slope 
in the middle of such curves. However, this could 
have been due to a residue of physiologically old cells 
in the young culture. 

An investigation of some of the factors concerned 
with variation in heat tolerance of strains of greening 
lactobacilli is described in the present report. 


1 Journal Paper No. 77, American Meat Institute Founda- 
tion. 


EXPERIMENTAL METHODS AND RESULTS 


Thermal tolerance determinations. Cultures were 
grown in a tomato juice broth containing 1.0 per ccut 
tryptone, 0.5 per cent yeast extract, 0.5 per cent Nat’, 
0.5 per cent glucose, 0.2 per cent K2».HPO,, 0.014 jer 
cent MnCl,-4H2O and 25 per cent filtered tomato 
juice, pH 7.0. Five ml of tomato juice broth in a |6- 
mm tube was inoculated with | drop of a 24-hour 
culture, stoppered with a sterile rubber stopper, and 
placed in a water bath at the desired temperature. 
The level of the water in the bath was even with the 
bottom of the rubber stoppers. The time that the 
temperature of a control tube reached the tempera- 
ture of the bath was taken as zero time. At specified 
intervals tubes were removed to an ice water bath and 
after cooling were incubated at 30 C for 7 days. 

Results with a typical strain from surface greening 
(M1A) and a typical strain from a green core (S41 A 
are shown in table 1. Approximately a 6- to 10-fold 
difference in survival time was found to exist between 
these otherwise identical organisms. Three other 
strains from surface greening and three additional 
strains from green cores gave essentially similar 
sults. 

Selection of heat-resistant survivors. An attempt 
made to select more heat-resistant strains from 1\\ 
thermolabile cultures. The thermal tolerance of th 
strains was determined at 150 F (65.5 C) using 
method described in the previous section. The tue 
that survived the longest heat treatment were u: 
after growing to a heavy turbidity, as the inocula 
another determination of heat resistance. This | 
cedure was repeated 14 times which resulted in al 
a 2-fold increase in thermal tolerance, as show! 
table 2. However, these strains exhibited much 
thermal tolerance than did naturally occurring str: 
isolated from the interior of sausages that had bh 
cooked to an internal temperature of 140-150 F. 

Survivor curves. Since attempts to select heat 
sistant survivors by the above technique were 1 
tively unsuccessful, it seemed desirable to determ 
survivor curves on one of these cultures and 0! 
naturally occurring, heat-resistant strain. A flask « 
taining 50 ml of tomato juice broth was inocula 
with 5 ml of a 24-hour culture of the respective str: 
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THERMAL TOLERANCE OF HETEROFERMENTATIVE LACTOBACILLI 


TaBLE 1. Thermal tolerance of two representative 
greening lactobacilli 


STRAIN M1A* STRAIN S41AT 


E ERATURE 


Survived Killed Survived Killed 


PF min min min min 
145 40) : 240 270 
150 10 y 120 130 
155 : 15 50 
160 : 8 10 


Isolated from the green surface of a meat loaf. 
Isolated from the green core of a bologna. 


TABLE 2. Selection of heat-resistant survivors by 
heat shocking 
TOLERANCE OF 
PARENT TO 145 I 


TOLERANCE AFTER 14 
SUCCESSIVE HEAT SHOCKS 


Survived Killed Survived Killed 


min min min min 
10 12 16 18 
12 14 26 29 





R—————» 


>, 
Pe \ 


N“N 


a 


on 


7s 


Ww 


™m 


” 
a 
° 
2 
> 
& 
7 
a 
w 
° 
© 
° 
a 


10 15 20 2 30 35 4 
MINUTES AT I45F 











Fig. 1. Survivor curves of typical lactobacilli from sur- 
face greening (MIA) and from sausages with green cores 
MIA). 


and, after mixing, 5-ml aliquots were withdrawn and 
placed in sterile 16-mm test tubes. The tubes were 
stoppered and placed in the constant temperature 
water bath at 145 F (62.8 C). The tubes were with- 
drav'n at specified intervals, chilled in ice water, and 
plated quantitatively on APT agar (Evans and Niven, 
1951). The results are shown in figure 1. It would 
appcar that culture S41A contained two types of 
cells a large percentage of thermolabile cells and a 
sma’ percentage of resistant cells. 

I view of the above results, 8 colonies were picked 
iron the plating of an unheated tube of S41A and 8 
colo ies were picked from the plating of a tube that 
had been heated for 30 minutes at 145 F. These 16 
isol: es were tested for thermal tolerance by the usual 


TaBLE 3. Thermal tolerance of isolates obtained from a culture 
of greening Lactobacillus before and after heat shocking* 


ISOLATES FROM ISOLATES AFTER 
UNHEATED CULTURE HEATING 30 MIN AT 145 I 


Survived Killed Survived Killed 


min min min min 
10 20 120 140 
10 20 120 140 
SO 100 160 180 
100 120 180 200 
100 120 180 200 
120 150 200 220 
120 150 200 220 
120 150 240 260 


* Parent strain survived 120 minutes but not 140 minutes at 


145 F. 
a ee S4i4_ 
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Fic. 2. Survivor curves of a heat-resistant variant 
(S41A-H2) and a heat-labile variant (S41A-5) isolated from 
the same parent culture. 











method, and the results are shown in table 3. These 
results indicated that those isolates from the heated 
parent culture are in general more heat-resistant than 
the isolates from the unheated parent culture. How- 
ever, the parent strain was only about half as resistant 
as when tested several months previously (see table 1), 
and a year later this strain survived only 40 minutes 
at 145 F. 

Survivor curves next were run on one of the heat- 
resistant isolates (S41A-H2, that survived 240 min- 
utes at 145 F) and on one of the heat-labile isolates 
(S41A-5, that survived less than 20 minutes at 145 
F). These are shown in figure 2. These results dra- 
matically demonstrate the wide difference in heat 
tolerance of two isolates from the same parent culture. 
However, strain S41A-5 appeared to have a few hun- 
dred cells that were fairly heat-resistant. Re-isolates 
from this culture gave some strains that survived 9 
but not 12 minutes at 145 F. Survivor curves on these 
strains still showed the sharp break as did 8414-5, 
indicating a few cells of greater heat resistance. We 
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were also able to isolate thermal-tolerant strains from 
heat-labile cultures that had been heated long enough 
to kill off most of the labile cells (see table 3). Starting 
with a parent strain that survived 30 but not 40 min- 
utes, five isolates from heated tubes survived from 90 
to more than 120 minutes and three isolates from the 
parent culture survived 30 or 40 minutes. 

Thus it has been possible to isolate variants that 
will withstand only 9 to 12 minutes at 145 F from a 
parent strain that was able to withstand 240 minutes 
at the same temperature. We also have been able to 
isolate variants that will withstand as much as 120 
minutes at 145 F from a parent strain that survived 
only 30 to 40 minutes at this temperature. All of these 
variants are identical with the parent strain in their 
physiological and serological characteristics obviating 
the possibility of mixed or contaminated cultures. 

In the course of this work it was observed that 
when an unheated culture was plated on APT agar 
and incubated at 30 C for 48 hours all of the colonies 
were large and easy to count. However, when a culture 
was heated sufficiently to kill a majority of the cells 
and plated in a similar manner many colonies were 
extremely small or even invisible after 48 hours and 


the plates had to be incubated for 5 days before an 
accurate count could be made. When some of these 
minute colonies were picked into APT broth, in- 
cubated for 24 hours, and replated, the colonies pro- 


duced were all large and readily counted. These re- 
sults are somewhat similar to those of Curran and 
Evans (1937), Nelson (1943), and others, that heat- 
treated bacteria are often more fastidious than the 
parent culture. It} was also noted that when both 
large and minute colonies from a heat-treated culture 
were cultured and their thermal tolerance determined 
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MINUTES AT I45F 
Fic. 3. Hypothetical survivor curves for a large number of 
thermolabile cells and a small number of resistant cells such 
as might be found in a fully grown culture of a heat-labile 
greening Lactobacillus. 


in the usual manner, the cultures from large colonics 
were in most instances more heat-tolerant than tho 
from minute colonies. 

DIscUSSION 

The interpretation of these results in terms of t! 
Classical theories of adaptation or mutation and sel 
tion is very difficult. However, the recently postulat: | 
mechanism of ‘‘clonal variation with selection” (Yu 
kin, 1953) may offer a better framework for explai 
ing our findings. 

The heat-resistant strains of greening lactobaci |i 
isolated from naturally occurring outbreaks of gre¢ 
cored sausage would represent stabilized, resista i 
strains. These might develop as a result of repeated 
heat shocking with only a limited amount of mul i- 
plication between heatings. In our attempts at train- 
ing (see table 2), extensive growth in the absence ot 
any selective agent was permitted between heating» 
Furthermore, an examination of the hypothetical 
survivor curves shown in figure 3 indicates that when 
a mixture of large numbers of labile cells and a smal! 
number of resistant cells are heated together the |: 
survivors might well be labile cells. Repeated mi! 
heat treatments separated by limited periods 
growth might serve to build up the proportion of heat- 
resistant cells until they were dominant. 

There is some indication that when cultures 
maintained without any heat shocking, either in 
laboratory or in a natural environment, the heat- 
labile cells may have slightly faster growth rate th: 
do the resistant cells. Thus, strains isolated from 
turally occurring cases of surface greening are 
heat-resistant and stock strains of resistant vari: 
gradually lose their high degree of resistance. 

Regardless of the theoretical considerations, 
occurrence of these heat-resistant strains may ne 
sitate higher processing temperatures for cured n 
products than would otherwise be necessary. Tl 
organisms that are capable of withstanding as m 
as 45 minutes at 155 F are among the most h 
resistant spoilage organisms known outside of 
spore-formers and the genus Microbacterium. 


SUMMARY 

Heterofermentative lactobacilli isolated from vai 
types of greening of cured meat products have wi 
different degrees of heat resistance even though 
are identical in their physiological, serological, 
nutritional characteristics. Those strains isolated { 
cases of surface greening, caused by contaminatio 
the product after heat processing, are killed by al 
10 to 12 minutes at 150 F. Those strains isolated | 
cases of green cores, caused by organisms that sur 
the heat processing in the center of the sausage, \\ 
stand about 120 minutes at 150 F. 





TETRAZOLIUM 


\fter 14 successive heat shockings two thermolabile 
tins had approximately doubled in thermal toler- 
e but still exhibited far less tolerance than did the 
ins isolated from green cores. On the other hand, 
r being maintained in the laboratory for an ex- 
led length of time, one of the heat resistant strains 
about as thermolabile as the strains from surface 
ning. A survivor curve of this strain appeared to 
w the presence of two types of cells with respect 
hermal tolerance. Re-isolates from the plating of 
original culture gave strains that were killed by as 
e as 12 minutes at 145 F. Re-isolates from the 
ing of the same culture after heat shocking gave 
ins that survived as much as 240 minutes at 145 F. 
of these re-isolates were serologically and physio- 
cally identical with the parent strain. 
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Bioautography, the process in which growth factors 
are identified by the appearance of zones of growing 
microorganisms wherever such factors are placed on an 
otherwise nutritionally complete, inoculated — solid 
medium, was introduced as a tool for the identifica- 
tion of paper chromatogram spots by Winsten and 
Eigen (1948). 

Earlier, Kuhn and Jerchel (1941) showed that 
tetrazolium compounds are reduced to deeply colored 
formazan derivatives by growing bacteria. We have 
lound® that this property can be put to advantageous 
use for the detection of zones of growth or inhibition 


on .gar plates and the preparation of photographic 


icterimetric studies IX. Aided by a research grant from 
ational Cancer Institute of the National Institutes of 
, U.S. Publie Health Service, and by an institutional re- 
grant of the American Cancer Society. 
e are indebted to Miss Phoebe N. Phillips for fine techni 
sistance in some phases of the work. 
ita were presented on January 29, 1953 (Abstract sub 
{ November 25, 1952) (Usdin, Shockman and Toennies, 
The same principle has been proposed and presented 
Dev mber 19, 1952) independently by Ford and Holdsworth 
198 


records thereof. Under optimal conditions the use of 
tetrazolium extends the sensitivity of the agar method 
by several decimal powers so that growth factor con- 
centrations can be estimated which previously were 
detectable only by growth measurements in liquid 
media. The present communication is concerned with 
a study of the conditions which govern intensity and 
Visibility of responses in tetrazolium bioautography. 
The experiments deal with factors of the folie acid 
group but the general principles have been found ap- 
plicable to other substances. 


Mertuops 

The medium is that of Toennies, Frank and Gal- 
lant (1952) except that the enzymatic casein hydro- 
lysate is replaced by a 5 per cent solution of Hycaset 
(a dry product from acid hydrolysis of casein), 40 mg 
DL-tryptophane per 100 ml] are added, and the cystine 
supplement is halved. 

One and seventy-five hundreth grams of agar (Difco 
Bacto-agar) in 100 ml of medium (0.625 per cent 


casein) as well as 1.75 grams agar in 100 ml of water, 


*< 


‘Sheffield Farms Co., Ine., New York, N. Y 
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sach in a cotton-plugged flask equipped with a mag- 
netic stirring bar and a thermometer, are autoclaved 
for 214 minutes at 15 pounds. Immediately after re- 
moval from the autoclave, the solutions are stirred 
magnetically and then placed in a 47 C bath. When 
temperature equilibrium has been established, 2 ml of 
a 2 per cent aqueous solution of TTC (triphenyl- 
tetrazolium chloride) are mixed into the aqueous agar 
with magnetic stirring. 

An 80-ml suspension of Lactobacillus casei ATCC 
7469 is grown (Toennies et al., 1952) to an AOD (ad- 
justed optical density) of 175 in the presence of 2.7 X 


IoD 


L. caset S. faecalis R L. citrovorum 


Fic. 1. Effect of inoculum concentration. Each vial (25 X 50 
mm o.d.) contains a bottom layer of 1.5 ml (4.1 mm thick) and a 
top layer of 1.0 organisms per ml (2.7 mm thick), prepared as 
described under Procedure, except for variations in inoculum 
and TTC concentrations. IOD (initial optical density) re- 
presents the initial bacterial density of the seeded layer, cal- 
culated in AOD units (1 AOD corresponds to approximately 
one million organisms per ce). Each vial contains above the 
bottom layer a filter paper disk to which 2d of folic acid solu- 
tion has been applied. 

Lactobacillus casei 7469: 0.04 per cent TTC in bottom, 
10°°y FA, 0.04 per cent TTC in top; Streptococcus faecalis 
R 8043: 0.02 per cent TTC in bottom, 10-%y FA, 0.04 per cent 
TTC in top; Leuconostoc citrovorum 8081: 0.02 per cent TTC 
in bottom, 10-*y CF, 0.01 per cent TTC in top. 


10°35 10-4 y 





Fic. 2. Effect of oxygen tension on sensitivity. If sufficient 
oxygen diffuses to the depth indicated by the dotted line, the 
10-*y spot will be colorless and if diffusion extends to the 
dashed-line level the 1075) spot will also be colorless (see 
text). 


10-° m folacin. The cells are washed twice and su - 
pended in a volume of 5 ml of sterile water. T} 
inoculum (AOD 2800) is added to the agar mediw , 
with magnetic stirring at a temperature of 47 C + 
A layer 3-3.5 mm thick is then poured into an app) 
priate vial or dish. After this layer solidifies, pap . 
containing folic acid (FA) or related factors is plac: ( 
on it. When the paper is completely wetted by c 
tact with the lower layer, enough of the agar-T’] 
solution to form a top layer 4—4.5 mm thick is adde |, 
and as soon as it has solidified, incubation is begi 
Growth zones are detectable after 9 hours incubati sn 
at 37 C and fully developed after 15 hours. 

Later work has shown that for greatest sensitiv) y 
a bottom layer of 3 mm with even higher inoculum 
concentration than above and a top layer of 6.5 min, 
containing 0.13 per cent TTC, should be used. 


RESULTS 
Study of Variables 


(log phase) bacteria (Toennies et al., 1952) favors 
more rapid and sharper responses than the overnight 
(post-log) cells customarily used. Figure 1 shows thiat 
the intensity and compactness of growth zones in- 
crease with increasing inoculum concentration, prob- 
ably because high bacterial densities are attained 
before dilution of the growth factor by diffusion. At 
the highest levels, however, intensity of the growth 
zone decreases, possibly because folic acid storage 
(Toennies, Winegard and Gallant, 1950) begins to 
predominate over folic-acid-induced cell division. In 
addition, at high inoculum levels background color 
diminishes the sensitivity to low folic acid levels. 
Thickness of layers. Oxygen from the air preveits 
formation of the red formazan although it does ot 
significantly inhibit growth of L. casei. The oxygen 
effect is best shown by a schematic diagram (fig. 2). 
When a series of decimally decreasing amounts of folic 
acid diffuse from very small initial spots into a seeded 
medium the resulting zones of growth and TTC color 
will be hemispherical, as indicated. When diffusio1: of 
oxygen occurs from above, the topmost stratum will 
be colorless, and its depth is an important determinant 
of the lower limit of detectability. These observations 
led to the application of a protective agar layer «' op 
the growth layer. Its effect is illustrated by figu 
The pattern within the horizontal rows in figure 
indicates that the protective layer limits and d« 
mines the amount of oxygen available in the bot 
layer so that, as the volume of the layer increases, 
amount of red reduction color increases. Below 
oxygen diffusion limit a completely red stratum 
pears, as a result of the metabolic activity of the | 
ulum. Increasing thickness of the top layer inten: 
the color of the growth zone as well as of the b ck- 


Inoculum. A high concentration of actively growin; 


Fig. 
Lactoba 
tains 0 
layers 1 


(that is 


TOP 
Per cer 
TTC 
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und (note the rising thickness of the background 
itum with increasing thickness of top layer in the 
two vertical rows). Optimal conditions are those 
which oxidation is so controlled that formation of 
colorless stratum is prevented while adequate 
trast is maintained between background and 
wth zones. 
‘etrazolium concentration. Figure 4 shows the results 
' varying the concentration of tetrazolium in both 
‘rs. Color intensity of the growth zone increases 
ih inereasing concentration of TTC up to a maxi- 
im beyond which the compound inhibits growth, 


1.4 2. $.] 6.9 10.9 14 2.7 4.1 6.9 10.9 
BOTTOM LAYER, mm 
Fic. 3. Effect of thickness of layers. Each vial has a 
Lactobacillus casei TOD of 130 in the bottom layer and con- 
tains 0.04 per cent TTC in both top and bottom. Between 
layers is a paper disk with 10-°y FA. a: Top view; b: side view 
that is after vials have been placed on their sides). 


TOP 
Per cent 
TTC 


0.48 


0.06 0.02 0.04 0.08 0.16 
BOTTOM, Per cent TTC 


Fi. 4. Effect of variations in TTC concentration. Lacto- 
mcill.:s casei, IOD 120, 10-*y FA, 4.1 mm bottom layer, 2.7 mm 
top la ver. 
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as shown by increasing diffuseness, and finally pre- 
vents it completely: the dense white growth zone 
which is visible to the eye (although not in the photo- 
graph) in the TTC-free vial at the lower left, is com- 
pletely absent in the vials with high TTC concentra- 
tions in the upper right. 

On the basis of these and subsequent studies, a 
concentration of about 0.13 per cent TTC, in the top 
layer only, was adopted as optimal. The superiority 
of this arrangement is thought to be due to the es- 
tablishment of a TTC diffusion gradient in the growth 
layer which parallels the oxygen diffusion gradient 
and tends to counteract its adverse effect on color 
formation. 

Organisms and growth factors. Figure 1 shows ex- 
amples of applications with Stre plococcus faecalis 
R 8043 and Leuconostoc citrovorum 8081, employing 
citrovorum factor (CF) as the growth factor for the 
latter. These and other observations show that optimal 
conditions, as regards the variables studied, differ 
somewhat for different organisms. They may be deter- 
mined by the vial procedure as outlined for L. casei 
and FA. While not necessarily optimal, the conditions 
worked out for L. casez are quite adequate for practical 
work with S. faecalis R and L. citrovorum and the 
factors CF and teropterin; this is demonstrated later. 
Response of S. faecalis 9790 to methionine on a syn- 
thetic amino acid medium (Toennies and Shockman, 
1953) was well detectable under similar conditions. 

Different tetrazolium salts. Comparisons of TTC 
with “blue tetrazolium” and “neotetrazolium’’ indi- 
cated that TTC is superior as regards intensity of 
color, degree of toxicity and suitability for photo- 
graphic recording. 

Amount of growth factor under optimal conditions. 
Figures 1 to 4 illustrate the trends resulting from 
changes in the different variables considered. Transfer 
of the results of vial experiments to Petri or larger 
dishes may introduce new variables, such as rate of 
oxygen diffusion or time required to attain incubator 


a b 


Fig. 5. Limits of detectability. A Petri dish of 84 mm id 
contains a bottom layer of 16 ml seeded with Lactobacillus casei 
(OD 175) and a top layer of 36 ml, containing 0.13 per cent 
TTC (in fig. 5b TTC is omitted). The filter paper sheet carries 
2d spots containing 10-*y FA (top), 10~‘y (right), 1075  (bot- 
tom), and 10~*y (left). 
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with L. casei, using 


dishes, yielded the following specifications for 


temperature. Further studies 
Petri 
highest sensitivity under these conditions: A T’T'C-free 
bottom layer approximately 3.0 mm thick with an 
inoculum density (LOD) of 150-200, and a top layer 
6-7 mm thick with a TTC content of 0.11-0.15 per 
Figure 5 that 
10° y FA, corresponding to approximately 10° mole- 


cent. shows under these conditions 
cules FA (the requirement of approximately 107 L. 
casei cells) can be made visible by TTC. When TTC is 
omitted only the strongest spot is visible without 
removal of the paper; after its removal the lowest 
level of response still escapes detection, either by 


photography (fig. 5b) or by direct observation. 


A pplication to Paper Chromatography 
Figure 6 is a composite photograph of three bio- 
autographs obtained with three different organisms 


from identical paper chromatograms. It illustrates 





Fic. 6. TTC in paper chromatography. Two \ spots con- 
taining the growth factors in 10°? y quantities were applied at 
the top of each sheet, as follows: 1 and 8, FA; 6, TER (tero- 
pterin); 7, CF; 3, TER and CF; 4, TER and FA; 5, FA and 
CF; 2, TER, FA, and CF. All sheets were developed with a 
§2:28:20:0.3 mixture of N-butanol, water, ethanol, and acetic 
acid. The R; of CF is approximately 0.5. The developed and 
aerated sheets were incubated between agar layers prepared 
as described. For the upper sheet, the inoculum was Lacto- 
bacillus casei; for the middle 


sheet, Streptococcus faecalis 


R: and for the bottom sheet, Leuconostoe citrovorum. 


the well-known differential responses of L. casei, 3 


faecalis R and L. citrovorum to folacin, teropterin a 


citrovorum factor. L. casei, the organism used in t « 
top section (a), responds to teropterin, folic acid a 
citrovorum factor. S. faecalis R, used in the mide « 
section (b), is more selective and grows only in t « 
presence of folic acid or citrovorum factor. L. citrovoru 
at the bottom (c¢), utilizes only citrovorum factor. T| 
figure demonstrates the usefulness of the tetrazolin 
technique in recording such observations in full det: 
including the evidence for the presence of a sm 
amount of folacin in the teropterin used in the presi 


case. 
DISCUSSION 


agar diffusion metho 


requires solutions of much greater concentration 


Bioautography, as all 


growth factors than are required in liquid assay pr 
cedures. The advantages of the agar diffusion princi; 
are simplicity of technique, direct applicability 
paper chromatograms, and the reduction of inte 
ference from salts, solvents or other inhibitory su 
stances. In work with natural materials or produ 
obtained from them by evaporation, extraction, 
similar schemes, the last-named advantage is part! 
larly important because salt or solvent residues may 
interfere in tube assays. However, under such con 
tions high sensitivity is also of moment becausi 
crude materials growth factors are often present 
extremely low concentrations. 


The investigations reported herein utilized three 


innovations to increase the sensitivity and rep: 


ducibility of bioautographic results: 1) bacterial gro 


in the presence of tetrazolium salts, 2) use of a | 
concentration of actively growing (log phase) inocu 


and 3) use of an agar overlay. We have reported the 


detection of 10~° y of folie acid (2 4 of 5 & 1074 ¥ 
using such technique. Although liquid media pe 
the detection of folic acid in even lower concentrat iol 


than this, the present agar procedure reveals abso site 


amounts which are well below those detectabl 


tube assay. 
SUMMARY 


The usefulness of tetrazolium salts in increasing 
visibility of zones of bacterial growth on solid m 
is demonstrated. It is shown that in the prepar: 
of bacterial bioautographs, inoculum concentra 
concentration, and tension 
The principles 
illustrated in connection with the development 


tetrazolium oxygen 


important variables. involved 


technique of high sensitivity for the detection of 
acid with Lactobacillus casei. 
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Experiments which include the liberation of highly MATERIALS AND Mertiops 
infectious aerosols in an exposure chamber require The electric grid air sterilizer is a cylindrical unit 
equipment for sterilization of air from the see senate approximately 3 feet long and 2 feet in diameter. It will 
cabinet prior to discharge to the outside. For such sterilize air at a rated capacity not to exceed 75 cfm. 
The sectional view of the sterilizer in figure 1 shows 
the position of the heating element, the baffle, and the 


glass wool insulation. 


sterilization, some institutions use a gas-fired inciner- 
ator or a centrally located oil-fired incinerator. Fre- 
quently neither is applicable because of the limited 
capacity of the former and the prohibitive installation 


The ductwork and additional apparatus for testing 
and maintenance expense of the latter. 


the sterilizer is illustrated in figure 2 


; air, : . The test organism 
A review of biological literature revealed little data Was atomized into the air-mixing chamber by means 
on the rate of sterilization of air as a function of tem- 

Bourdillon, faymond (1948) 
tested two types of furnaces: 1) a furnace with internal 


heating, and 2) 


of an all-glass direct spray, peripheral air jet atomizer 
(Chicago type). Relative humidity data for the air 
passing through the mixing chamber were obtained 


perature. Lidwell, and 
an externally heated furnace. The 


by a Brown recording psychrometer. The air passed 
needed 


tempers Yay : “ge 
emperature from the mixing 


for complete sterilization was 
found to be between 210 and 240 C when the exposure 
times were 6 to 8 seconds for the internally heated 
furnace and 0.4 to 0.6 seconds for the externally heated 
furnace. Although the exposure time in the internally 
heat 


chamber into a 6-inch diameter duct, 
6 feet in length. The flow rate of air passing through 
12 inches from the Trent 
with a Hastings Precision Air Meter. The air contain- 


the system Was measured 


; tsa ing the test organisms then passed through the Trent 
d furnace was nearly 10 times that in t : eX- sterilizer into a 9-inch well-insulated retention duct, 9 
tern , ate nace, » » ore Te "E( . ; . ; ‘ : 

ern lly heated furnace, the temperature required for feet in length. Brown thermocouples, inserted at 12, 


31, 50, 69, 89, and 108 inches from the Trent outlet, 
recorded automatically the temperature gradient along 


ster! ization was the same. No explanation was given 


for + us variation. The authors concluded that it was 
desi 


300 


tble to aim at a possible aur exit temperature of the duct by means of a Brown recording potentiometer. 
(572 F) when complete freedom from  spore- The air then was drawn through an additional 100 
inches of insulated duct to a blower and thence to the 
outside air. The rate of air flow was controlled by a 
sliding damper located in the nebulization chamber. 


ig organisms Was essential, except that in a well- 
ied furnace 250 C (482 F) might be fully ade- 
qua! . In view of the absence of reliable experimental 
the time 
rature rate required for sterilization of Bacillus 


? spores suspended in an air stream. 


data tests were undertaken to determine The temperature control system was installed by a 


tem commercial electrical service organization experienced 


glob 


with this type of sensitive instrumentation; proper 
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installation is extremely important. The primary func- 
tions of this instrument were to: 1) place the exhaust 
fan in operation automatically once the temperature of 
the air reached the minimum safe limit, 2) maintain a 
determined temperature within safe and economical 
limits by controlling power input to the Trent and 3) 
provide a continuous exhaust. 

Air samples were collected in three cross-sectional 
sampling planes (fig. 3). The sampling tubes installed 
in the system are shown in figure 4. The tubes were so 
designed that they could be traversed across the hori- 
zontal diameter of the duct. The purpose of selecting 
various sampling points across the horizontal diameter 
was to assure satisfactory sampling as well as to deter- 
mine whether the system was properly baffled to pro- 
vide kill of organisms across the entire duct diameter. 
Five positions were chosen, which were etched on the 
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Fig. 1. Electric¢ air incinerator 
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Fig. 2. Trent sterilizer apparatus. Sterilizer ductwork, 
controls, and recording instruments. 


periphery of the sampling tube. Initial tests den 


strated uniform distribution of the test organi ms 


across the duct diameter. 

Air samples were collected with liquid impinger 
determine cloud concentrations before the Trent s 
lizer. The liquid impingers were constructed wit 
critical orifice through which air could be drawn 
the collecting medium at approximately 0.5 cfm. 
medium consisted of 20 ml of nutrient broth, and 
8 drops of olive oil. For sample evaluation, one-t: 
ml of exposed fluid was pipetted on a nutrient 
plate which then was streaked. One-tenth-ml sam 
of 1-ml serial dilutions of the impinger fluid also \ 
streaked on agar plates. 

Air to be sampled after the Trent sterilizer was 
lected by means of an inverted funnel and sieve s: 
pler mounted over dry ice as illustrated in figu: 
The bacteria in the air were impinged on the 
Petri plate which was placed in the sieve sampler. 
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Fic. 3. Trent sterilizer apparatus. Air sampling stati: 
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Fig. 4. Sampling tube 
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wo related factors were investigated: 1) the rate 
of air flow through the sterilizer and retention duct 
an 2) the effect of varying temperature. Four rates 
of low were used: 10, 25, 50 and 75 cfm, and five tem- 
pe: itures were studied averaging 425, 475, 525, 575 
an. 625 F. 

test pattern was adopted that would have statis- 
| significance. Day, time of day, flow rate, and 
sat pler position (at a given temperature) were com- 
bi: ed for the purposes of balancing the effects of un- 
kn wn factors. Four days of testing were required for 
a complete study at each temperature setting. 

luring each test, air samples were collected before 
the sterilizer and at three stations along the retention 
tule. Air samples also were taken to determine room 
air contamination. A Brown potentiometer continu- 
ousiy recorded temperature every 45 seconds at 6 
poiiits along the retention tube. 

he general procedure followed for all tests was 
identical. Prior to each test series the controlling 
thermostat was set and adjusted to control air tem- 
peratures within the limits desired. Six series of tests 
were run at control temperatures as follows: two each 
at 600 to 650 F, one each at 550 to 600 F, 500 to 550 
F, 450 to 500 F and 400 to 450 F. Air flow was varied 
four times during each test (10, 25, 50, and 75 cfm). 
In addition to a control sample, five air samples were 
taken at each air flow. The post-Trent samples were 
taken in one of the five positions of the sampling tube 
illustrated in figure 4. 

Each day’s test was conducted in the same manner. 
The Trent sterilizer control system was placed into 
operation. All recording instruments were properly 
calibrated and the air flow was dampered to the de- 
sired flow rate. 

After the system reached equilibrium (15 minutes), 
a control test was made. A suspension of Bacillus 
globigiat spores which had been heat shocked at 80 C 
for 10 minutes and cooled rapidly was then intro- 
duced into the nebulization chamber, using a Chicago- 
type nebulizer. Five-minute air samples were taken 
previous to and after the Trent as previously described. 
This procedure was followed during each air flow test. 
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Fig. 5. Dry ice bath method of sampling 


{ESULTS 

Figure 6 shows graphically the per cent penetration 
at sampling stations 1, 2, and 3 at average tempera- 
tures of 425 to 625 F for air flows of 10 and 25 efm. 
No significant penetration occurred 9 feet from the 
Trent outlet at these air flows above the control tem- 
perature setting of 475 F. At temperatures above this 
setting, the recovery was spotty and followed no defi- 
nite trend. The presence of the test organism at these 
temperatures may be the result of air contamination 
during plating, as the test organism is normally found 
in air. The average penetration (0.00002 per cent) re- 
corded represents a recovery of only 1 organism from 
1 of 20 5-cubic-foot air samples. At a controlled tem- 
perature averaging from 450 to 500 F at the 10 efm 
flow an average penetration of 0.00012 per cent occurred 
at station 1 and 0.00005 per cent at station 2. For this 
flow, the retention time varied from 3.1 seconds (sam- 
pling station 1) to 23.8 seconds (sampling station 3). 

Significant penetration occurred at average control 
temperatures of 425 F at an air flow of 25 cfm. The 
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Fic. 6. Per cent penetration of Bacillus globigii spores at 
various air flows and temperatures. 
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Fig. 7. Per cent penetration of Bacillus globigii spores at 
various air flows and temperatures. 
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penetration at station 1, 2, and 3 was 0.00365, 0.00479, 
and 0.00085 per cent. Little significance can be at- 
tached to the recovery of the test organism at average 
constant temperature settings above 475 F. The pene- 
tration recorded again represents the recovery of only 
one organism. 

Figure 7 shows that if the air flow is increased to 50 
cfm, significant penetration occurs at 475 F. Retention 
times corresponding to stations 1, 2, and 3 were 0.6, 
2.3 and 4.8 seconds. At control settings of 475 F pene- 
trations averaged approximately 0.02 per cent at 
station | and 0.001 per cent at station 2. When the 
control temperature was decreased 50 F, an appre- 
clable increase in penetration occurred. 

This figure also illustrates the penetration that oc- 
curs at air flows of 75 cfm. The retention times at 
stations 1, 2, and 3 were O44, 1.5 and 3.2 seconds. It 
Was statistically concluded that at an average control 
temperature of 575 F, 0.0001 per cent or less penetra- 
tion would oceur in approximately 3° seconds. Test 
results show, however, that if a minimum retention 
time of 3 seconds is maintained at an average control 
temperature of 625 F, a greater factor of safety is 
produced. 

These two figures show that minimum penetration 
occurs When the control temperature and = retention 
time are increased. Maximum penetration occurs when 
retention time and control temperature are decreased. 
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SUMMARY 


The results of this investigation indicate that virt 
sterilization, 99.9999 per cent or more correspond 
to 0.0001 per cent or less penetration of Bac 
globigit spores, may be achieved at the following « 
ditions: 

1) 425 F— 24 seconds retention time 

2) 475 F-—10 seconds retention time 
3) 525 F 
} ) 


575 F— 3 seconds retention time 


5 seconds retention time 


An even greater degree of safety can be obtains 
the air is maintained at 625 F for 3 seconds. Knovy 
that 425 F and 24 seconds retention gives the des 
sterilization, an approximate rule that may be used 
determining the desired temperature and reteni 
time combination is that a 50-F increase in temp: 


ture is approximately as effective as tripling the 1 


tention time. 
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revious articles (Gray, 1954a, b) have shown that 
fying bacteria and urea-hydrolyzing bacteria were 
ially inhibited by benzenehexa- 
ride (BHC) in culture media but not in soil. The 


or completely 


ts of the BHC on nitrification of ammonium sul- 
ph: te in solution media, inoculated with suspensions of 
difierent soils, brought out the fact that the bacteria of 
some soils were resistant to the BHC. It also appeared 
from the previous work that both oxidative (nitrifica- 
and hydrolytic (ureoclastic) systems might be 
‘ted. The present paper reports the results of tests 
made with various heterotrophic bacteria in the pres- 
of benzenehexachloride or its gamma isomer. It 
has unfortunately been impossible to obtain samples of 
the other purified isomers, for comparison with the 
gamma isomer. 

Several groups of bacteria were studied: 1) common 
saprophytic bacteria grown on beef-extract peptone 
agar (Bacto nutrient agar), 2) those able to decompose 

i¢ sources of carbon such as phenol, starch, or 
ellulose, either in pure culture or in mixed culture in 
soil, 3) bacteria able to reduce nitrate in pure culture, 

and 4) sulphate-reducing bacteria of soil. 

HX PERIMENTAL 
Saprophytic Bacteria 

This group of bacteria includes mainly those as- 
ted with the of 
; some may be also parasitic. The cultures used 


part of the collection in the Department. of 
eriology at 


decomposition proteinaceous 


Macdonald College, Quebec, where 
are maintained on suitable agar media. In this 
iment, fresh cultures were inoculated onto the 
‘e of 10-ml nutrient agar (Bacto) in Petri plates 
ining BHC (as Benexane 50) 5 mg? or the gamma 
r 0.3 mg.' 


mtribution from the Faculty of Agriculture, Macdonald 
e, Quebec, Canada. Macdonald College Journal Series 
1. 

fessor and Chairman of Department of Agricultural 
iology, McGill University, Montreal, Quebec, Canada. 
ve mg of Benexane 50 represents approximately 2.5 
benzenehexachloride. The Benexane 50 was supplied by 
ian Industries Limited, Montreal, Canada. 

e gamma isomer is 12-13 per cent of the mixed isomers 
is supplied by Canadian Industries Limited, Montreal, 


Thirteen of these bacteria grew in the presence of 
the BHC; the bionomials of these and of the thirty 
five species which did not grow are listed in table 1. 
All of the bacteria grew in the presence of the gamma 
isomer, 

Bacteria in groups of similar morphology were thus 
seen to be affected differently by some component of 
the benzenehexachloride. Salmonella (Lberthella) typhosa 
differed from its congeners Salmonella enteritidis and 
Salmonella paratyphi; Pseudomonas aeruginosa differed 
from Bacillus 
are found in both groups. It is interesting to note that 
all of the cultures of Mycobacterium and of Proacti- 
that tested did grow. The only 
known soil bacteria used were Pseudomonas indolowi- 
dans, ( Bae- 


terium) iophagum, Cellulomonas biazotea, and cultures 


Pseudomonas SYNCYANECE | ‘species’ ol 


NOMUYCES were not 


Pseudomonas Achromobacter 


pictorum, 
of Proactinomyces; the BHC prevented the growth of 
all of these except P. indoloxidans. All of the affected 
soil bacteria, except P. indoloridans and, so far as is 
known, C. biazotea, can utilize the benzene ring as a 
source of carbon; this capacity, however, did not 
protect them from the inhibitory action of the BHC. 


Phenol Decomposing Bacteria 


The effect of Benexane 0.05 per cent was tested on 


phenol-decomposing mineral salts 


medium containing phenol 0.05 per cent as the sole 


bacteria, Ina 


source of carbon. Control cultures were grown ina 
medium which contained phenol only. After 4 weeks 
incubation the examined for visible 
growth, and tested for the presence of phenol by means 
of Millon’s reagent (table 2). The BHC prevented the 
five named strains of bacteria from utilizing the phenol. 
Cultures BHC:a and BHC:d which had been isolated 
from nutrient broth containing Benexane 0.2 per cent 


cultures were 


inoculated with soil were the only cultures able to 
decompose the phenol in the presence of the BHC. 


Bacteria That Hydrolyze Starch and Cellulose 


Starch hydrolysis. The composition of the medium 
was as follows: peptone, 0.2 per cent, agar 1.5 per cent, 
soluble starch (Lintner) 0.2 per cent and CaCO, 0.1 
per cent. Plates were prepared with BHC or the gamma 
isomer by the method described above, and each or- 
ganism inoculated at three places on the surface of the 
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TABLE 1. Effects of BHC (Benexane 50) on cultures of saprophytic bacteria* in nutrient agar plates 


CULTURES THAT GREW NORMALLY 


Aerobacter cloacae 
Corynebacterium diphtheriae 
Salmonella enteritidis 

Micrococcus tardissimus 

Bacillus subtilis 

Chromobacterium (Bacterium) violaceum 
Escherichia coli 

Proteus vulgaris 

Pseudomonas aeruginosa 

P.. indoloxidans 

Salmonella paratyphi 

Bacillus circulans var. closteroides 
Serratia marcescens 


MAC 


.C. NO.F CULTURES THAT DID NOT GROW 
Bacillus cereus 

B. kaustophilus 

B. mesentericust 

B. megatherium (ruminatus) 

B. subtilis 85 

Achromobacter (Bacterium) tophagum 
Bacterium gossypiumt 

Cellulomonas biazotea 
Corynebacterium pseudodiphtheriticum (hoffmani 
C. xerose (xerosis) 

Micrococcus cereus 

Salmonella typhosa 

Klebsiella pneumoniae§ 

Micrococcus perflavus 

M. roseus 

Mycobacterium lacticola var. berolinensis 
M. phlei M. 

M. phlei R. 

M. stercusis 

Pseudomonas syncyanea 

P. pictorum 

Xanthomonas (Phytomonas) phaseoli 
Micrococcus (Staphylococcus) cereus 
M. pyogenes var. aureus McG. 
Sarcina sp. 

Proactinomyces phenoli 46 

P.. globerulum M.t 

P. globerulum R.t 

P. globerulum 8.t 

50 Micrococcus pyogenes var. aureus H. 
52 Mycobacterium phlei R1. 

53 Nocardia erythropolis 

78 Bacillus mycoides 

m9 


f Corynebacterium diphtheriae type gravis 


80 Streptomyces griseus 


* This series of inoculations was repeated with identical results. 


¢ The number preceding each binomial is the Macdonald College Collection (M.C.C.) number, as recorded in the Dir 
and Catalogue of Microorganisms maintained in Canada (N.R.C. No. 2359). The binomials applied to the cultures are th 
Bergey’s Manual of Determinative Bacteriology (Breed, Murray, and Hitchens, 1948) wherever identification is reasonably 


or approximate. 


t These microorganisms either have characteristics dissimilar to those listed in the species included in Bergey’s Manual 
terminative Bacteriology or have been studied insufficiently to be assigned to the defined species. 
§ No. 23, Klebsiella pneumoniae is of doubtful application; it is capsulated but motile. 


agar in each plate. Plates without BHC or the isomer 
were inoculated at the same time. After 3 or 4 days 
incubation the diameters of the clear zones of hydro- 
lysis, detected after flooding the culture with a solution 
of iodine, were measured to the nearest millimeter. 

The results with Benexane 50 are shown in table 3. 

In experiment 1 the BHC was placed in alcoholic 
solution in the plate, and the alcohol allowed to evapo- 
rate; in experiment 2 the BHC was mixed with the 
agar. Most of the bacteria grew in the plates containing 
the BHC; the chemical appears, however, to have 
reduced or prevented the development of diastase in 
the cultures that grew. 

The results with the gamma isomer are given in 
table 4. 

In these tests 0.3 mg or 3.0 mg of the isomer were 


placed in alcoholic solution in each plate, and 
alcohol allowed to evaporate before the agai 
poured. Bacterium hydrocella (no. 66 in the Macd: 
College Collection) is a provisional binomial ap 
to a cellulolytic organism isolated from soil in | 
All of the bacteria grew and formed compact col: 
The cultures of experiment 1g were made at the 
time as those of experiment | with BHC (tabi 
this accounts for the identical figures in the co 
headed ‘Starch only’. The isomer reduced the dias 
activity of these bacteria; the reduction was slig! 
most cultures, and was relatively greater in the pre- 
of 3.0 mg of the isomer; the percentage reduc’ 
derived from the sums of the values are, for 0.3 

5 This culture is not now in the Macdonald College 
lection. 
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Ta LE 2. Effects of BHC (Benexane 50) 0.05 per cent on phenol 


decomposing bacteria 


PRESENCE OF 


VISIBLE GROWTH PEENOLt 


PHENOL DECOMPOSING BACTERIA 


Con 


‘ BHCt Control BHC 
trol 


omobacter (Bacterium) iopha 

m. . 0 
plana dimorpha Trace 
‘tinomyces phenoli 46§ 0 
‘tinomyces globerulum M§& Trace 


rdia erythropolis re 0 


pt ++ 0 0 


id ; T+ TT 0 0 


Mineral salts medium containing phenol 0.05 per cent. 

Mineral salts medium containing Benexane 0.05 per cent 
| phenol 0.05 per cent 

\lillon’s reagent. 

These microorganisms either have characteristics dis- 

ir to those listed in the species included in Bergey’s 

al of Determinative Bacteriology or have been studied 

ficiently to be assigned to the defined species. 


bE 3. Effects of BHC (Benexane 50) on starch hydrolysis by 


bacteria in agar plate cultures 
ZONE SIZE 


Experiment 1 Experiment 2 


‘ * 
BACTERIUM 3 days 4 days) 


Starch BHC, Starch BHC, 
only 5 mg only 5 mg 
mm mm mm mm 
81 Vibrio hyperion OT 0 18 Ot 
82 Vibrio perimastix 12 15 ‘ 18 
83 Bacillus effluens 16 0 : Ot 
84 B. kellermani 29 0 2 0 
85 B. soli 26 9 P 18 
87 B. torquens 2 15 0 Spread 0 
88 B. vagans 24 0 28 19 


*The number and binomial name of the bacteria are those 
employed in the Macdonald College Culture Collection. 

+ Figures represent the mean of three diameters of zones of 
hydrolysis. 


t Indicates that the bacteria did not grow. 


about 14.5 per cent in both experiments; the reduction 
caused by 3.0 mg. was 23.8 per cent. 
(:!lulose-decomposing bacteria. The effects of Ben- 
exane 50 and the gamma isomer on the decomposition 
of a mixed flora were investigated with flasks con- 
taining each 100 gm of St. Bernard loam soil. The 
arrangement of the materials in this set of experiments 
is sh wn in tabular form below: 
A B 
Soil Not Sterilized Soil Sterilized 
Two flasks Two flasks 
Two flasks Two flasks 
trol. One flask One flask 


11C 0.05 per cent 
{ imma 0.003 per cent 


( 


Ait’ the chemicals had been incorporated, the soils, 
ther: ‘n the air-dry state, were moistened to 80 per cent 
ol | eir water-holding capacity. One set was then 


TaBLe 4. Effects of the gamma isomer of BHC on starch 
hydrolysis in agar plate cultures 
! L { I 


ZONE SIZE 


BACTERIUM® Experiment 1g Experiment 2 
SACTE 


Gamma Gamma Gamma 
S S ch 
Starch tarch isomer isomer 


only isomer only 

’ 0.3 mg oo 03mg 3.0 mg 
mm 

66 Bacterium hydrocella 


81 Vibrio hyperion 


' 
st 


8 
10 
1S 

5 
IS 
21 

9 
20 


82 V. perimastix 
83 Bacillus effluens 
84 B. kellermani 
85 B. soli 

87 B. torquens 2 
88 B. vagans 


NwWNwowwhs WS W G 


— 1h 


Totals : 2 3 22 109 


* The number and binomial name of the bacteria are those 
employed in the Maedonald College Culture Collection. 

+ Figures represent the mean diameters of three zones of 
hydrolysis. 


TaBLe 5. Effects of BHC and the gamma isomer on cellulose 


decomposition by mixed floras of soil suspensions 
NO. OF DAYS BEFORE PAPER DISINTEGRATED 


Control BH( Gamma isomer 


St. Bernard 1 
St. Bernard 2 
Muck 


* Tests run in duplicate tubes. 


TABLE 6. Effects of Benexane 0.05 per cent on nitrate reduction 
by bacteria 
GROWTH NITRITE PRESENT 
ORGANISM 


Control BHC Control BHC 


Bacillus mesentericus* } 0 0 
Escherichia (Bacte- 
rium) coli 
Serratia marcescens 
(Bacterium  prodi- 
giosum ) 
Micrococcus pyogenes 


var. aureus _ 0 


* This microorganism hydrolyzes starch making it dis- 
similar to Bacillus pumilus listed in Bergey’s Manual of De- 
terminative Bacteriology. 


sterilized and a sheet of sterile filter paper pressed 
onto the surface of each soil in both sets. The paper 
on the sterile soil was inoculated with a suspension of a 
Cytophaga sp. The results at the end of 4 weeks were 
as follows: 

A. Numerous colonies of varied appearance, mainly 

bacterial, on the papers in all of the flasks. 

B. Cytophaga developed in all of the flasks. 

This experiment was then repeated, except that 
instead of incorporating the chemicals in the soil, 
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the papers were saturated in alcoholic solutions of the 
chemicals before they were pressed onto the soil. 
After 4 weeks the papers in the A series were found to 
be attacked, but Cytophaga did not grow on the papers 
saturated with BHC or the isomer. It thus appears 
that the antibiotic effect of the BHC, as well as of its 
gamma isomer, occurs only when these are in intimate 
contact with the paper; as has been suggested (Gray, 
1954b), it is probable that the active agent in the 
benzenehexachloride becomes adsorbed by soil organic 
matter. It was also evident from this experiment that 
some cellulolytic bacteria are not affected by the chemi- 
cal. This was confirmed with tube cultures of mineral 
salts, containing cellulose provided as strips of filter 
paper, inoculated with the Cylophaga sp. and Bac- 
terium hydrocella. The results are given below: 


Bacterium hydrocella 


Cytophaga sp. 
Control Active Active 
BHC No growth Active 

Further confirmation of the “eliminative” effect. of 
the BHC was gained by inoculating 0.1-gm amounts 
of four soil samples and of a compost into tubes of 
cellulose medium, the paper strips being saturated in 
alcoholic solution of benzenehexachloride 5 per cent. 
In the control tubes mixed floras, including fungi and 
Cytophaga species, developed from three of the soils 
and the compost; only bacteria that disintegrated the 
paper in a manner similar to that of Bacterium hydro- 
cella developed in the BHC cultures. 

A comparison between the effects of the BHC (as 
Benexane 50) and the gamma isomer on the cellulolytic 
bacteria was made by inoculating suspensions of St. 
Bernard loam and of muck soil into the cellulose 
medium with the BHC and the isomer in the form of 
dry crystals. The chemicals were placed in alcoholic 
solution into the dry tubes and the alcohol allowed to 
evaporate; the medium was then added and sterilized. 
The numbers of days before the paper was broken in 
duplicate tubes are shown in table 5. There was evi- 
dently some component of the BHC other than the 
gamma isomer that prevented the normal activity of 
the mixed cellulolytic fioras. 


Nitrate Reduction in Media Containing BHC 
Since during the utilization of carbohydrates or 
hydrocarbons the bacteria may obtain their nitrogen 
from nitrates, cultures of nitrate-reducing bacteria 
were Inoculated into nutrient broth in tubes containing 
KNO; 0.1 per cent, Benexane 0.05 per cent being 
added to one set of media. After 4 days the cultures 
were tested for nitrate reduction with Trommsdort’s 
reagent. The results are given in table 6. It is inter- 
esting to note that Micrococcus pyogenes var. aureus 
(Staphylococcus aureus) grew in the presence of BHC, 
which it failed to do in the earlier tests on agar, but 
was unable to reduce the nitrate. Nitrate was reduced 

by control cultures grown in the absence of BHC. 


Sulphate Reduction 


An experiment was also made with BHC and 
gamma isomer in Elion’s medium for sulphate-redui 
bacteria. The medium was prepared as described 
Fred and Waksman (1928), and inoculated wit! 
ml of 1:10 suspensions of eight soils. The presence 
hydrogen sulphide was tested by odor and by obse1 
tion of blackening. The results of the experim 
showed that BHC inhibited the production of hy« 
gen sulphide by the bacteria in cultures from all of || 
soils. Controls, in all cases, produced hydrogen 
phide. The gamma isomer inhibited the process in 


medium inoculated with two separate samples of % 


Bernard loam soil. There is thus evidence that — hy 
gamma isomer may be effective in some of these rcoie- 
tions. 
ACKNOWLEDGEMENTS 

The work reported in this paper forms part of | 
carried on under grants-in-aid from the Nati 
Research Council of Canada. The author is inde ted 
to F. L. Upton, J. Murray MeLaughlan, T. M. Bb 
Payne, D. Boyce, W. E. Vanstone, and C. G. Rogers 
for assistance in these experiments. 


SUMMARY 
Thirteen laboratory strains of various species ot 
saprophytic bacteria grew on nutrient agar in plat 
cultures in the presence of —benzenehexachlorid 
(BHC). Thirty-five strains did not grow in the presence 
of the BHC; these were not affected by the gamma 
isomer. The BHC inhibited the growth of five species 
of phenol-decomposing bacteria; it did not affect. the 
growth of an unnamed species isolated from soil unde 
the influence of BHC. It prevented starch hydrolysis 
by four species of amylolytic bacteria and rediced 
that of three others. The gamma isomer also red 
the’ enzyme action of these bacteria. BHC in soi 
not appear to affect cellulolytic bacteria. It previ 
the growth of Cytophaga when in close contact 
that species, but had no effect on some other speic 
BHC prevented growth and nitrate reduction |) 
Bacillus mesentericus and prevented nitrate redu iol 
but not growth by Micrococcus pyogenes var. a 
BHC and the gamma isomer prevented the redu 
of sulphate by a mixed soil microflora in’ E 
medium. 
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was found previously (Soltero and Johnson, 
1%. 3) that considerably higher penicillin yields than 

e of lactose controls could be obtained in a svn- 

i medium when glucose or sucrose are continu- 

v added to fermentations which contain no lactose. 

as also found that for culture Penicillium chryso- 
yenim Q 176 a glucose feed rate of approximately 
0.0:0 per cent sugar per hour was optimal under the 
conditions employed, 

group of penicillin-producing cultures, developed 
at the University of Wisconsin as part of a selection 
program for better producers, was evaluated with this 
new method of continuous addition of glucose to the 
fermentations. This paper presents the results obtained 
from these experiments. 

\ more reproducible apparatus for the continuous 
addition of nutrients to shake flask fermentations 
than the ones previously used in our laboratory was 
developed. It assures the needed reproducibility of 
operation for the evaluation of penicillin. cultures. 
Dale et al. (1953) described recently a continuous 
feeding assembly for laboratory fermentations. The 
wrangement used in the present investigation is 
simpler, and is believed to be better adapted to aseptic 
operation. In its present form, however, it does not 
permit a continuously variable feed rate. 


EXPERIMENTAL METHODS 


rmentation techniques. Several strains were used 
these experiments. All of them are descendants of 
lture Penicillium chrysogenum Q 176. They were 
en from both good and poor penicillin producers 
mn-steep-lactose medium in order to have a more 
ficant test of the new evaluation method. 
ulations of the fermentation medium were made 
5 ml of vegetative suspension 45-48 hours old 
on synthetic medium containing 4 per cent 
se, 1.3 per cent calcium carbonate, 1.3 per cent 
mium sulfate, and mineral salts in trace amounts. 
iad been inoculated with 5 ml of a spore suspen- 
hich had been grown on the standard spore plate 


tblished with the approval of the Director of the Wis- 
Agricultural Experiment Station. This work was sup- 
in part by grants from Merck and Company Inc., and 
Squibb and Sons. 


medium described by Gailey et al. (1946). All fermenta- 
tions were run on a rotary-type shaker at a total 
volume of 100 ml in 500-ml Erlenmeyer flasks. The 
shaker described a 2-inch circle and operated at 250 
rpm. The temperature was 25 C in all runs. 

The fermentation medium used for these experiments 
Was as follows (figures represent grams per. liter 
Lactose, 30 (in controls only); glucose, 10; ammonium 
acetate, 3.5; ammonium lactate, 6.0; KEH.LPO,, 6.0; 
MgsSO,-7H.O, 0.25; ZnSO,:-7H.O, 0.02; FeSO, 0.02: 
MnsO,, 0.02; and NaeSO,, 1.0. The pH was adjusted 
to 6.5 before sterilization and the sugar was autoclaved 
separately. Further additions of sugar were started 
when the fermentations were 24 hours old. A’ sugar 
concentration of 24 per cent (wv) was used. The feed 
solution also contained potassium phenylacetate at a 
3.3 per cent level (calculated as the acid). The volume 
of liquid delivered per day to the fermentations was 
approximately 3 ml. 

The mechanical feeders, which had been used before 
for the continuous addition of sugar to the fermenta- 
tions (Soltero and Johnson, 1953), did not guarantee 
sufficiently uniform operation to evaluate a series of 
different cultures in the same run with exactly equal 
feed rates. Therefore, a new continuous feeder for shake 
flask fermentations, based on a different principle, 
was developed. Actual operational data indicated 
that the maximum variation between 10) different 
feeders was about 5 per cent. The variation in feed 
rate in each individual feeder was not higher than 2-3 
per cent throughout the whole fermentation time. 

The apparatus is shown in figure 1. The operation is 
as follows: The sterile sugar solution with precursor is 
transferred aseptically to a sterile burette connected 
through a piece of surgical-type gum rubber tubing 
to a capillary (14 mm inside diameter nominal size; 
0.40 mm actual size) which empties inside the flask. 
The end of the capillary is bent upward and a reservoir 
is made near the tip as illustrated in the diagram. 
This was found to be necessary to prevent air bubbles 
from entering the rubber tubing. The tubing is taped 
to a stationary metal bar 4 inches from the top of the 
flasks which serves as a pivot. The capillary tube is 
inserted through holes in an aluminum clamp which 
holds it in place. Two small pieces of rubber tubing 
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are used as bushings to prevent any movement of the for reasonable air space in order to prevent the cot: ») 
capillary. The clamp and tube are wrapped with cotton plug from getting wet when it is pushed down. ‘J \y 
and given the form of an ordinary cotton plug. The whole system should be completely air tight becaus« ji 
small cotton plug used to keep the burette sterile is operates under reduced pressure. The electrolytic 
then carefully pushed down and the burette is con- consists of a flask filled with 1 N sulfuric acid. ‘| }y 
nected to a delivery tube from the electrolytic cell. details of the cell and electrode construction — 
The burette should be filled just enough to provide presented in the diagram. The electrolytic cells 
— connected in series to a constant current power sup} iy 
The circuit diagram is given in figure 2. The curr 11 
was adjusted to 0.2 milliamperes in these experime its 
in order to get a delivery rate of close to 3 ml per diy 
The feed rate can be controlled either by the current 
output, which controls the amount of gas produced, 0 
by the concentration of sugar solution used. 

The whole setup was placed over the shaker alte 
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200 nt seamen ween Te sterilization and allowed to equilibrate for 5 minuies 
Empty flasks were used for the sterilization «nd 





ALUMINUM CLAMP ae 3 cero : 

‘ sents at ONE ta. thet oneal equilibration processes so that the liquid delivered 
Stationary metal bar used as a se because of the pressure differential was not added to 
pivot for rubber tubing - 4 in. 


from top of the flasks the fermentation medium. Once equilibrium — was 
Sealed with rosin ‘ ; 
and beeswax attained the cotton-wrapped clamp was. transferred 
carefully to a flask containing the 24-hour-old fermeiita- 
c copper wire tion. 
1/8 (1. D.) x 1/32 in. (wall) Sampling was done with sterile pipettes without 


surgical type rubber tubing > » . 
removing the flasks from the shaker. It was found that 
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Fic. 3. Comparison of penicillin yields of different s 
in synthetic medium with precursor. 











TaBLE 1. Comparison of penicillin yields of several cultu 
Leones) synthetic medium 


MAX YIELD RA 
TIME OF (CONTINUOUS)! TIME OF LA 
CULTURE 3 PER CENT : 
‘ . YIE FERM 
LACTOSE MAX YIELD FEED MAX YIELD 


A GLUCOSE I 
GAUG heater p/ml hours p/ml hours per 


eres | W51-20 425 144 1,920 165 0 
Fig. 2. Circuit diagram for constant current power supply. W49-133 345 144 1.545 144 0. 


R,; = 5,000 ohms minimum. R:—The output current is in- | W50-1583 790 144 1,200 192 0. 
versely proportional to (R, + R:2). Roughly, the product of W50-935 375 1.140 192 0. 
(R, + Re) and the output amperes is equal to 55. Thus, if R, is Q 176 550 1.080 144 0. 
10,000 and Fz is 500,000 ohms, the output current will be ad- W51-616 750 ( 712 165 0 

justable from 0.11 to 5.5 milliamperes, approximately. : 


6.3 volts MAX YIELD 
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th - could be done aseptically by lifting the plugs just 
en ugh to insert the pipette and take the sample. So 
far no contamination problems have appeared. 

nalytical procedures. Penicillin was assayed by the 
Ox ord cup method with the use of Micrococcus pyo- 
yer Ss Var. aureus as the test organism, and penicillin G 
as he standard. 

he pH of each sample was determined immediately 
fi: r removal, by means of a glass electrode. 

ll sugars were determined by the Shaffer and 
So iogyi (1933) method. Titrations were referred to 
sta dard curves prepared for each sugar. Lactose was 
hy rolyzed before the determination in 0.5 ~ HCl in 
an «utoclave at 15 pounds pressure for 15 minutes. 


RESULTS AND DISCUSSION 


| was found previously that a glucose feed rate of 
approximately 0.030 per cent sugar per hour was 
opt:mal for penicillin production for culture Penicillium 
chr sogenum Q 176. The optimum glucose feed rate 
was determined for several new cultures under the 
same experimental conditions and it was found that 
the value of 0.030 per cent sugar per hour was again 
the best one for penicillin production for all the cultures 
tested. The experimental data are given in figure 3. 

The same cultures were also compared in a 3. per 
cent lactose-l1 per cent glucose synthetic medium. 
Table 1 presents a summary of data obtained on both 
media. It can be seen that an increase in yield of over 
{ times the lactose control is obtained in the best 
producer, culture W51-20, under the conditions em- 
ployed (a yield of over 1900 units/ml as compared to 
the lactose medium). With 


the exception of culture W51-616, which gave the 


one of 425 units/ml in 


same yield in both cases, all the cultures tested showed 
a marked increase in penicillin yield when the con- 


tinuous-feeding method was used. As all the cultures 
tested had approximately the same optimal glucose 
feed rate, namely 0.030 per cent sugar per hour, a 
more significant Comparison of the penicillin-producing 
ability of different cultures can be readily made by 
feed 


vlucose 


this 
instead of utilizing lactose in the medium. 


running the fermentations at rate 

The marked difference in vield between these two 
types of fermentations can be attributed in part to the 
rate at which the cultures utilize the lactose. The last 
column of table 1 shows the average rate at which 
lactose is fermented in the interval between 24 hours 
and the time of maximum yield. It can be observed 
that the best producers in the lactose medium, cultures 
W50-1583 and W51-616, have a fermentation rate of 
0.033 per cent sugar per hour, which is slightly higher 
than the experimentally found optimum glucose feed 
The utilize the much 
faster (W49-133) or much slower than the optimum 


rate. other cultures lactose 
value. This behavior causes undesired changes in the 
pH of the fermentation, which is one of the reasons 
for comparatively low yields. 

In view of the fact that 


always been done in a lactose-corn-steep-liquor medium, 


selection of cultures has 


it was decided to test a group of cultures representative 
of both good and poor penicillin producers in the 
lactose-steep liquor medium with this new evaluation 
method. Fifteen cultures were tested with 3 per cent 
lactose and with glucose continuously fed to synthetic 
medium at a rate of approximately 0.030 per cent 
sugar per hour. The results were then compared to the 
ones obtained from the lactose-steep liquor medium. 
A summary of the data is presented in table 2. [It can 
be seen that in almost all cases a significant increase 
in yield over both the synthetic and the steep-liquor 
lactose media can be obtained when glucose is con- 


TABLE 2. Summary of data 


YIELD 3 
PER CENT pH 
LACTOSE 


YIELD 
SLOW FEED 
GLUCOSE 


eceaen FEED RATE 


p/ml p/ml lo ent/ hour 
204A 1075 2225 0.030 
20B 770 2060 0.029 
1-133 550 1260 0.029 
W4'!-482 760 1090 0.029 
W5')-935 460 1040 0.030 
W5.-700 560 980 0.029 
W4))-2429 525 ( 835 .029 
W5'-1247 800 6 830 .029 
W4; -762 550 4 830 .028 
W5! -1113 750 5 800 .029 
W47 638 630 3 800 .029 
WQ '76-A827 510 3 750 .033 

Ss 

} 

1 


mm 10 


W4 411 205 740 029 
WQ 76-A8 420 540 .028 
W45 408 25 100 .029 


aj <9 ag 99 <2 99 yO) OE AF 8) 8 93 9) 83 


nos} or si si ss 


L 


“0 


*D.ta obtained from Botany Department. 


pH 
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LACTOSE- 
STEEP 
LIQUOR 
MEDIUM* 


STEEP 
LIQUOR 
RATING 


TIME MAX 
YIELD 


LACTOSE 
RATING 


hours p/ml 
168 1500 
168 2000 
120 1200 
168 650 
144 900 
168 350 
144 400 
120 625 
168 250 
144 1200 
120 275 
120 300 
120 700 
120 300 
120 0 
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tinuously fed at the optimum rate. However, the 
relative rating of the cultures does not change signifi- 
cantly when the lactose-steep liquor medium is com- 
pared to glucose slowly fed to synthetic medium. 

The feed rates obtained from the new feeders were 
completely satisfactory as can be seen from the table. 
The pH plateaus (average of pH values from 48 hours 
to time of peak yield) corresponding to those feed 
rates were also satisfactory for the penicillin-producing 
phase. In the case of synthetic lactose medium a wide 
variation in pH can be observed in some cases due to 
the different rates at which the cultures ferment the 
lactose. 

The best penicillin producers of the cultures tested 
were two variants of culture W51-20 (A and B). They 
were selected from good sporulating colonies of the 
parent culture in an attempt to obtain better sporu- 
lation from the normally poor W51-20. The yields 
obtained from these two cultures were 2225 and 2060 
units per ml, respectively. They appear to be the most 
promising ones now at hand and will be the subject 
of further study. 

The problem of selecting cultures for high production 
is a difficult one. Within certain limitations, no matter 
which method or medium is used for making the com- 
parison, it is obvious that the selection will fall upon 
the culture to which the test fermentation conditions 
are best suited for penicillin production. There is 
probably no condition in which it can be said that 
optimum performance of all the cultures tested is 
achieved. The best that can be done is to try to make 
the evaluation under the best conditions known to 
give the maximum penicillin yields. For this reason, 
the continuous-feeding method seems to be an im- 
provement in that direction. No systematic work has 
been done with glucose-fed corn-steep-liquor media in 
shake flasks, and it remains to be seen whether or not 


the same improvement could be obtained in s 
media. 


SUMMARY 


A glucose feed rate of approximately 0.030 per c 
sugar per hour was found to be optimal for penici 
production for several cultures tested under the c 
ditions employed. Further evaluation of cultures 
done with this optimum feed rate for all the cultu 

A group of penicillin cultures was evaluated wit 
per cent lactose and with glucose continuously ad 
to synthetic medium. Yields increased considera 
with the latter method but the relative rating of 
cultures did not change significantly when a « 
steep liquor-lactose medium was compared with glu 
slowly fed to synthetic medium. Cultures W5 
A and B were the best producers of the group tes‘: 
They gave penicillin yields of 2225 and 2060 u 
per ml in the synthetic medium used. 

A new continuous feeder for shake flask fermentat ons 


has been developed and used successfully in penic:|li) 


fermentations. It assures more reliable and reproducible 
operation than the metering valves used previously fo! 
this purpose. 
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Che practice of producing organic fertilizer through 

biological decomposition of organic wastes has 

n carried on for centuries as an art generally known 

‘composting. The widest application of the practice 

occurred in the Orient and in Europe where dense 
ulations have for generations placed a great burden 

: soil fertility. Until recently, interest in composting 

he United States has been limited to the amateur 
gaidener and the organic farming enthusiast. At pres- 
eni, two important factors are contributing to a 
broadening interest in composting in this country. 
One is the possibility of composting as an answer to 
the increasingly complex and = serious problem of 
municipal refuse disposal. The other is the growing 
concern over the depletion of our agricultural soils by 
our present intensive farming practices which fail to 
return organic humus to the earth. The especial im- 
portance of both of these factors to the state of Cali- 
fornia prompted the Sanitary Engineering Research 
Laboratory of the University of California to begin a 
study of the application of composting to the reclama- 
tion of municipal refuse. It soon became apparent 
that in spite of the antiquity of composting there existed 
very little scientific knowledge of the process. 

Because there is a widespread conviction that an 
“inoculum” of some sort is needed for successful and 
rapid composting, one of the problems studied in the 
investigation was the effect of such an additive on the 
process. Since composting is a biological process, its 
course should be determined by the magnitude and 
nature of the microbial population present. It is easy, 
therefore, to assume that by artificially increasing the 
numbers of organisms, the process should be accelerated. 

liefuse is a mixture of relatively undecomposed 
heterogenous material. During the composting of such 
ma'erial there appears a succession of environments, 

‘ally with regard to temperature and substrate, 
a corresponding series of microbial populations. 
the environmental conditions at any one time are 
le to a limited variety of bacteria, it would seem 
tful that organisms added as an inoculum could 
v more effective than similar organisms indigenous 
xed refuse. To determine the validity of this reason- 
series of experiments were conducted concurrently 
i broader investigation of composting to learn 
benefit, if any, would accrue to the process from 
se of an inoculum. Materials which have often 


been considered as inoculums essential to the compost- 
ing process include: animal manures, garden soil, 
decomposing material, and a variety of proprietary 
bacterial cultures. In the experiments, inoculums con- 
sisting of soil, of horse manure, and of partially com- 
posted material, as well as a commercial preparation 
of bacterial cultures were tested. 


MATERIALS AND METHODS 


Inasmuch as the experiments with inoculums paral- 
leled other studies on composting, they varied in size 
from laboratory to field scale. Laboratory studies were 
conducted in a special room in which temperatures 
were maintained at 50 C + 5 C. Material was com- 
posted both in 19 L glass jars holding approximately 
3 kg, and in 208 L steel drums having a capacity of 
approximately 70 kg. Pilot scale studies were made in 
bins approximately | m square and 1.5 m high holding 
approximately 450 kg of material. These bins were 
constructed of l-inch lumber upon the wooden floor 
of an unheated sheet metal warehouse. The bins were 
provided with removable front boards to facilitate 
handling the compost. Material composted in the field 
was stacked in open piles approximately 1.5 m high 
and containing about 2700 kg of material. 

Three different mixtures of material were used in 
the studies. Laboratory investigations were made on 
a mixture of vegetable trimmings (non-marketable 
green vegetables and partially spoiled fruits from 
grocery stores) and chopped straw. Experiments 
having shown that vegetable trimmings would not 
compost readily unless the moisture content was 
reduced and the original porosity of the mass main- 
tained (University of California, Technical Bulletin 
9, 1953), the straw was added both to control moisture 
and to maintain structure of the material. To approxi- 
mate municipal refuse more closely, paper was sub- 
stituted for straw in the pilot studies, although it did 
little to reduce the moisture content and added nothing 
to the structure of the mass. Field studies were made 
on mixed municipal refuse from which noncompostable 
material had been removed. 

aw material consisting of vegetable trimmings, 
straw and paper was used in all of the studies, and was 
shredded to a size of approximately 2.5 em prior to 
composting. 

After shredding, the material to be composted was 
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placed in jars, drums, bins, or in open stacks, depending 
upon the size of the experiment. Aerobic conditions 
were maintained by periodically turning the composting 
material. Strictly speaking, ‘partially aerobic” is a 
more accurate description of the conditions because 
only a limited amount of atmospheric oxygen is supplied 
by turning. This is sufficient, however, to prevent the 
onset of anaerobic putrefaction which is characterized 
by objectionable odors and a slow rate of decomposition. 
Such an aerobic method makes possible the accumula- 
tion of sufficient heat from bacterial metabolism to 
raise the temperature of the mass to the thermophilic 
range. Waksman (1931) in his studies on decomposition 
has shown that in this range the biological breakdown 
of organic matter is most rapid. In turning the com- 
posting material, care was taken to loosen the mass 
and to turn the outer layers into the center. This was 
done with jar, drum, and bin samples by removing 
the material and shaking it back into the container. 
Open piles were reconstructed in a new location by 
forking. During the turning process water was added by 
spraying when necessary to maintain an optimum 
moisture content. 

A rather complete analysis was made of all material 
from the raw material to the finished product. Deter- 
minations included moisture content, pH, carbon, 
nitrogen, phosphorus, and potassium. Carbon was 
determined as CO. by means of a standard C and H 
microcombustion apparatus using about 25 mg of 
sample. It would seem next to impossible to obtain a 
representative sample in so small a portion. Neverthe- 
less, replication of results sufficiently consistent for 
the purpose of the investigation was obtained by the 
following procedure: Grab samples were taken from 
several different parts of the pile of material and 
thoroughly mixed. Three 100 g portions were removed 
for carbon and nitrogen analyses and three for ash 
determinations. Those to be used in carbon and nitro- 
gen analyses were slurried in a Waring Blendor with 
three to five times their weight of distilled water. A 
portion of the slurry was then dried to constant weight, 
ground through a screen, and the proper amount 
weighed out for the carbon analysis. A nitrogen deter- 
mination was made from each of the three slurries 
by the Kjeldahl method (Official Methods, A.O.A.C., 
1950) using a 5 g portion. Percentage moisture was 
determined on the 100 g samples to be used in ash 
determinations by observing the weight loss during a 
24-hour period of drying at 105 C. The samples were 
then ignited in a muffle furnace and percentage ash 
calculated. Phosphorus and potassium were determined 
by a subsequent analysis of the ash. The Truog- 
Mayer modification of the Deniges method was used 
for phosphorus (Official Methods A.O.A.C., 1950) 
and a standard colorimetric test for potassium (Snell 
and Snell, 1949) 


Measure of rate and extent of decomposition. In | s 
studies on the decomposition of stable manure, stra 
alfalfa, and similar plant residues, Waksman measur 
both rate and extent of decomposition by change 
per cent total nitrogen, water soluble organic matt 
hemicelluloses, cellulose, lignin, protein, and ash (Wa! s- 
man et al., 1939a, 1939b, 1939c). Although such te. js 
give an excellent indication of rate and extent of « 
composition, the difficulty of making the necessa-y 
chemical analyses of heterogeneous material such is 
municipal refuse makes simpler criteria desirable in a 
practical composting operation. It was necessa:y, 
therefore, to establish criteria for judging the rate s:d 
extent of decomposition, and to devise some stand:rd dail 
by which the material could be judged adequately - 
stabilized. . 
hety 


eub: 


It was found that the course of temperature i) a 
compost pile was indicative of the progress of ‘he 
process from its beginning to its completion. Normally, 
the temperature inside a composting mass begins to 
rise immediately after grinding. If the mass is large 
enough to be self-insulating, the temperature increases 
rapidly to 45-50 C, remains at this level for 24 48 
hours, and then continues to rise to a maximum of 7() 
75 C, which persists until active decomposition is over. 
Thereafter the temperature slowly decreases. ‘The 
material may be considered sufficiently stabilized g 
when the declining temperature reaches 45-50 ©. 
Although temperature is affected by the carbhon- 
nitrogen ratio, by moisture content, and by the in- 
sulating qualities of the material, it proved to be a 
useful criterion in the studies on inoculation. Other 
useful indices of rate and extent of decomposition 
included increase in per cent ash and decrease in per 
cent carbon. Since the original ash content of a material 
remains unchanged even though mass is lost through 
oxidation of some organic constituents of the material, 
increase in percentage of ash is proportional to ex! 
of decomposition. Loss in carbon, likewise, repres 
decomposition of organic matter because in the pr: 
the carbon of organic compounds is oxidized to ‘ 

When no loss of nitrogen occurs the change in ( 
ratio is also indicative of degree of decomposi' 
Even though nitrogen is lost, the C/N ratio is valu 
in estimating the effect of a compost on soil nitro; 
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EXPERIMENTS 


Horse manure as an inoculum. Horse manure 
selected as the first additive to be studied, bee: 
many advocates of composting consider it or 0! 
animal manure essential as a device for introduci! 
large microbial population. Waksman has shown | 
the high bacterial count in horse manure includ 
large actinomycete population approximating 15 
10’ per g (Waksman, 1950). Actinomycetes are 
pecially active in breaking down cellulosic materia! 
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I) this experiment a series of four 19 L jars and 
four 208 L drums were filled with a mixture of shredded 
veg: able trimmings and straw. The jars were divided 
into two groups. One group was left uninoculated 
and ‘he other group was inoculated with 2 per cent by 
weig 1t of horse manure. To counteract any possible 
inhi! ition of bacterial activity resulting from increase 
in hydrogen ion concentration, two jars received a 
dosa ze of 8 per cent by weight of industrial CaCQ,. 
simi arly, the drums were divided into two pairs, 
inoc lated and uninoculated. One of each pair received 
a dcsage of 4 per cent of CaCQO;. All units were in- 
cube ‘ed in the high temperature laboratory and turned 
daily. The experiment continued for 9 days and all 
sam} les produced a satisfactory compost. 

Nw significant difference in temperature was noted 
betveen the various samples. The temperature in the 
jar semples followed a somewhat erratic course because 
the poor insulating qualities of small masses of material 
mad: them responsive to fluctuations in the ambient 
temperature. The upper layers also showed a tendency 
towards excessive drying because of the high ambient 
temperatures. The behavior of compost in the drums 
was less erratic. 

Temperature readings and pH values of the drum 
samples during the 9 days of the experiment are shown 


80 Ff 





in figure 1. A rapid rise in temperature of all samples 
is notable during the first 24 hours of incubation. This 
rise was accompanied by a significant decline in pH which 
could have occurred only as a result of bacterial 
activity. Such activity is further evidenced by the 
fact that temperature curves remained appreciably 
above ambient temperature during a 3-day period. 
An acid condition occurred in all samples, and disap- 
peared on the fourth day. Thereafter a rapid rise in 
temperature was paralleled by a corresponding increase 
in pH, until finally a normal decline in temperature 
marked the completion of the process. The jar samples 
showed the same general trend observed in the less 
sensitive drum samples. 

The results of the analyses made during the course 
of the experiment are listed in table 1. Some discrepan- 
cies appear in the data as a result of some variability 
in small masses of composting material and difficulties 
in obtaining representative samples. Nevertheless, 
the data demonstrate clearly that rate and extent of 
decomposition, as indicated by increase in per cent 
ash and decrease in per cent carbon, was approximately 
the same for all samples whether inoculated or unin- 
oculated, buffered or unbuffered. 

There appeared to be a typical succession of micro- 
organisms, each of which played an important role. 
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ol veg able trimmings and straw. 


|. The effect on the temperature of a composting mass resulting from the addition of 2 per cent horse manure to a mixture 
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Acid-producing bacteria were the first to appear, as 
was evidenced by a strong acetic acid odor and less 
pronounced odors of lactic and butyric acids. There- 
after, thermophilic bacteria together with the fungi, 
more or less sparse in number, made their appearance. 
The thermophilic fungi were limited to three species: 
Thermomyces sp., Penicillium dupontii, and Aspergillus 
fumigatus. In the final stages, when the temperature 
began to decline, members of the Actinomycetaceae 
became the dominant group. Species in the genera 
Streptomyces and Micromonospora were observed, with 
those of Micromonospora being the more numerous 
in all samples. The sequence of organisms and size of 
populations seemed to be independent of inoculation. 

The temperature curves for “seeded” and “non- 


seeded” materials (fig. 1) are so nearly identical 
support the conclusion that inoculating with 
manure had no effect on either temperature o 
Increase in per cent ash and decrease in per cent ( 
demonstrated that the degree of decompositio 
not affected by the addition of horse manure. 
Inoculating with composting material. The eff 
seeding fresh material with actively decom 
material was studied on a pilot scale experime 
volving vegetable trimmings and paper. Prior 
start of the experiment a 208 L drum was fille 
approximately 54 kg of shredded vegetable trin 
and paper in the proportion of 9 to 1, and placed 
high temperature laboratory. Decomposition prog 
with great rapidity and within 4 days reached th: 


TABLE 1. Chemical analyses of composts produced from vegetable trimmings and straw, 


SAMPLE DAY ASH* MOISTURET 


per cent per cent 

Jar sample, not inocu- 10.4 81.1 
lated : 11. 78.8 

) 13 74.1 

13. 63.1 


Jar sample, inoculatedt . Sl. 
78.8 
73. 
6OS.: 


Jar sample, not inocu a 81. 
lated, buffered with 8% : Q.; 7a 
CaCO;§ 

15. 


Jar sample, inoculated,t { Sl. 


buffered with 8% 
CaCO;§ 


Drum sample, not inocu- 
lated 


Drum sample, inoculatedt 


Drum sample, not inocu 
lated buffered with 4% 
CaCO;§ 


Drum sample, — inocu- 
lated,t buffered with 
4% CaCOs§ 6 
9 30.2 


* Values expressed as per cent dry weight. 
tT Values expressed as per cent wet weight. 
t ‘“‘Seeded”’ with 2 per cent horse manure. 


§ Includes corrections made for CaCQOs. 


CARBON* NITROGEN* PHOSPHORUS* POTASSIUM* 


per cent per cent per cent per cent 
2.0 0.16 1.38 
38.4 0.25 0.77 
88.8 
oO 
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actinomycetes became the predominant group. 
rganisms were so abundant that the whole mass 
ed gray in color. At that time the experiment 
gun by thoroughly mixing and placing in a bin 
rtially composted contents of the drum = and 
g of freshly shredded material consisting of 
v 90 per cent vegetable trimmings and 10 per 
aper. For comparison, a second bin was filled 
72 kg of the shredded mixture. The material in 
ins was turned once each 24 hours. By the end 
tenth day, the material in the second bin had 
from its original depth of 142 cm to a depth of 
thus exposing so great a surface area in propor- 
» volume that heat was lost at an excessive rate. 
iedy this, the front boards of the bin were moved 
| so as to reduce the area of the surface to half 
us double the depth of the pile. 
perature observations of the piles were made 
vith a mercury thermometer at a depth of 5 
ow the surface and at mid-depth. At each depth 
adings were taken. Temperature readings ob- 
in the center of the pile, both near the surface 
mid-depth are plotted in figure 2. The rise in 
rature at all points in the pile during the first 


~~ 


24 hours was similar in both piles. The general rate of 
increase in both was slower than previously observed 
with vegetable trimmings and straw, probably because 
less adequate aeration resulted from the greater com- 
paction characteristic of a mixture containing paper. 
The extensive development of actinomycetes in the 
seeding material at the time the experiment was begun 
furnished an opportunity to observe the reactions of a 
group of organisms introduced into a mixture of refuse 
not vet decomposed to a suitable degree. All visible 
microscopic evidence of the original population of 
actinomycetes within the first 24-36 
Actinomycetes appeared again, however, as 
usual near the end of the experiment. The likelihood 
that other organisms transplanted from the drum 
contributed anything to speed up the process is pre- 


disappeared 
hours. 


cluded by the absence of any unusual rate of initial 
temperature rise (fig. 2) or any significant difference in 
initial and final percentages of ash and carbon as is 
shown in table 2. 
Bacterial cultures as an inoculum. A typical com- 
mercial preparation reported to contain mixed cultures 
of organisms effective in accelerating the composting 


process was tested ina pilot scale experiment. Inasmuch 





Temperoture 





ae ; 
Yee Height of pile 
increased by 
decreasing width. 








0 4 


16 


Time in Days 


A comparison of temperature curves of two composts, one of which was recirculated with partially decomposed material. 


Recirculated material, temperature at mid-depth, center of pile. Curve 2: 


2: Recireulated material, temperature at 2” below 


enter of pile. Curve 3: Control, temperature at mid-depth, center of pile. Curve 4: Control, temperature at 2” below surface, 


pile. Curve 5: pH. 
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as one of the features claimed for the inoculum is an 
abundance of actinomycetes, a preliminary study was 
made of the comparative number of actinomycetes in a 
sample of the preparation, of rich garden soil, and of 
poor soil. One gram of each material was diluted 
1:10° in sterile distilled water. From each dilution 
1 ml portions were transferred to sterile Petri dishes 


and poured with starch-asparagine agar (starch, 


10.0 g; ISHLPOs,, 0.5 g; asparagine, 0.5 g; agar, 
HO to 1 L). One-ml portions were also poured o 
surface of starch-asparagine agar contained in s 
Petri dishes. The plates were incubated at a temper 
of 50 C for 5 days to simulate’ the temperature 
suited to thermophilic actinomycetes. The « 
obtained were as follows: inoculum, 15.8 & 107 co 
per g; “rich” soil, 13.4 X 10° colonies per g 


“poor” soil, 15.8 X& 10° colonies per g. These { 
compare with the 15.0 & 10? colonies of actinom, 
found by Waksman to be present in 1 g of horse m 


HOS (Waksman, 1950). 
SAMPLE DAY ASH* onsen’ Te detane _ pte is ‘ ne . ; 
BORE) PON 1 CRS" | gone | stm lo test the effect of the preparation on comp 


o | o 0 ' . 0; refuse, two bins were filled with 480 kg each 
a 1 11.2 81.9 40:1 identical mixture of shredded vegetable trim 
lated 3 |13.6| 78.5) 42.2 and paper. The material in one bin was not inoc 


18. 37.6 and that in the second was sprayed and thor 
24.1) 79.9) 32.° 


TABLE 2. Chemical analyses of two composts produced from 


vegetable trimmings and paper 


mixed with a suspension of the inoculum prepa: 
accordance with the directions of the manufa 
Both piles were turned daily. 


Inoculatedt 6.8 80.9 43.5 
13.3) 79. 43.6 
14.9) 79.3) 40.8 
20.1; 74.0, 33. 

14 |26.4) 73.7, 30. 


No significant difference in appearance and_ odo 
could be observed in either of the piles during the entin 
process. As is shown in figure 3, temperatures of both 
heaps were closely parallel. It is noteworthy that the 
incidence of actinomycetes was similar in both piles 


* Values expressed as per cent dry weight. 
t Values expressed as per cent wet weight. 
t Inoculated with partially decomposed material. 
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The compost in both bins had a satisfactory appearanc 


-e—e Control 
O--—o- Inoculated 


~O---- Ambient Temperature 


Temperature °C 


~+0---0---9- --- 0-9-2 ge OT O- 


| Nl | 
4 8 12 


Time in Days 


Fic. 3. Temperature curves of two composts, one of which was inoculated with a commercial preparation of bacteria. 
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odor by the end of the nineteenth day. Table 3 If the inoculum had been of any value, the population 
s that the chemical composition of both piles it provided would have eliminated the transition 
ery similar. plateau in the inoculated sample. 
e identical rise in temperature through the first 3 Soil as an inoculum, Literature is replete with refer- 
, even to the slight plateau on the second day when ences to the isolation of thermophilic bacteria from 
transition from mesophilic to thermophilic popu- soil (Black and Tanner, 1928; Feirer, 1927; van Tieg- 
ns took place (fig. 3), demonstrated that the hem, 1881; Tsiklinsky, 1899; Waksman, 1938): As 
enous population was responsible for the per- previously described, plate counts had demonstrated 
ance of both inoculated and uninoculated material. that garden soil has an actinomycete population almost 
equivalent to that of horse manure. It seems plausible, 
therefore, to assume that if additional bacteria were 
beneficial to a compost, soil should be a very excellent 
source. Accordingly, soil was used in a final experiment 
of the series. This study was conducted on a field 
(A ee Se Sera oe scale. Approximately 273 kg of top soil was added to 
— wets — _ 2134 kg of municipal refuse directly after shredding. 
For the purpose of comparison a pile of uninoculated 
shredded refuse of about the same size and composition 


ge 3. Analyses showing the similarity of uninoculated 
ise and refuse inoculated with a commercial preparation 


of bacteria 


THIRD DAY FINAL 


C 
C 


\sh oe 16.1 
ol re JU. h 7 79.¢ « : « ° 
Moisturef oe —_ ig was set up. Both piles were turned at 3-day intervals 


Carbon ‘ 


| Nitrogen* pay ye ye 


and both produced satisfactory compost in 16 days. 
Phosphorus* ) 4 0. The normal rise and decline of temperature in both 
piles, as shown in figure 4, indicate that the addition 


of soil had no significant effect on the composting 


3 
3 
f both jg Potessium* 9 0.8 
0 


C/N ‘ 7.0 18. 
bial the 


1 piles * Values expressed as per cent dry weight. process. This conclusion is borne out by the similarity 
HLTA + Values expressed as per cent wet weight. in decrease in per cent carbon, and increase in per 


—e— Soil added 
—o— Control 





I l 
4 8 
Time in Days 





Fic. 4. The effect of soil on the temperature of composting municipal refuse. 
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TABLE 4. Effect of the addition of soil on the composting process 
INITIAI FINAL 


Refuse 


and soil 


Refuse 


and soil Control 


Control 


c 


Ash* 
Moisturet 
Carbon* 
Nitrogen* 


Phosphorus* 


63 .8é 
10). 
20. 
i 
0.: 
0. 


© wm bo 

oe oo + 
Onn ound 
wNonwns an 


Potassium* 0.: 
C/N 32 
* Values expressed as per cent dry weight. 


+ Values expressed as per cent wet weight. 


cent ash, and final chemical analysis as is shown in 
table 4. Fungal and actinomycete growth was observed 
to be similar in both piles. 
Discussion 

Although all of the inoculums tested were rich in 
bacteria, none of them accelerated the composting 
process or improved the final product. This fact leads 
to the conclusion that inoculums are of no demon- 
strable value in composting and that garbage and other 
organic refuse require no additional bacteria for satis- 
factory composting because of an inevitable exposure 
to all of the organisms involved in its decomposition. 
Other studies on composting made by the University 
of California have confirmed these conclusions and the 
experience of successful composting operations in 
many parts of the world, notably in Holland (West- 
strate, 1951), Germany (Straub, 1950), New Zealand 
(Adams, ef al., 1951), El Salvador (CU. of Calif. Tech. 
Bull. 9, 1953), South Africa (Van 1949) is 
that bacteria are rarely a limiting factor in composting. 


Vuren, 


Failure of inoculums to benefit the composting 
process stems from the adequacy of the microbial 
population already existing on the material and from 
the nature of the process itself. Both mesophilic and 
thermophilic bacteria are always present in abundance 
on exposed refuse, and whenever the environment is 
appropriate they multiply with great rapidity and 
composting proceeds without any delay. In all of the 
University of California studies on inoculation, the 
composting process proceeded with equal rapidity on 
inoculated and uninoculated material, thus demon- 
strating that added bacteria did nothing to hasten the 
onset of decomposition. 

Inoculation would be of value to the composting 
process only if the bacterial population in any emerging 
environment was unable to develop rapidly enough to 
take full advantage of the capacity of the environment 
to support a bacterial population. In such a case a time 
lag would result, which could be overcome by supple- 
menting the initial population indigenous to the refuse. 


McGAUHEY 


No such time lag occurred in the studies, thus der 
strating that the rate of growth of native bacteria 
limited by the capacity of the environment. Com; 
ing is a dynamic process, representing the com} 
activity of a wide succession of mixed bacterial 
fungal populations associated with a similar succe. sic 
of environments, one overlapping the other and 
emerging gradually as a result of continual chang s 
temperature and substrate. The substrate chang 
due to a progressive breakdown by bacteria of con )|i 
foodstuffs to increasingly simple compounds. Tem) 
ture increases steadily in proportion to biological « 1) 
ity, so that initial mesophilic conditions are soon si.pe1 
seded by thermophilic conditions. Because the proces 
is dynamic and any individual group of organism 
survive in a rather wide environmental range, one popu 
lation begins to emerge while another is flourishing, «: 
yet another is disappearing. Inasmuch as any grovp 0! 
bacteria is capable of multiplying at a pace eq) 
that of its developing environment, the addition 
similar organisms as an inoculum would be superfliious 
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SUMMARY 


A study was made of the effect of various inoculum: 
on the composting of garbage and mixed municips 
refuse. Garden soil, horse manure, partially decomposed 
organic material, and a commercial preparat ol 
special bacterial cultures were tested in a se 
experiments which were a part of an extensive 
of the fundamentals of composting. No mea- 
effects resulted on the course of temperature, i! 
in per cent ash, or decrease in per cent carbon. 

It is proposed that the nature of the com; 
process, and the presence of an adequate pop! 
of bacteria already existing on the material, 
superfluous the addition of other bacteria. 
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The maintenance of unchanging virulence is_ of Metnuops 


oneert ‘ ose who deal with bacterial infection . 
neern to all thos See h bacterial int Materials. Ringer-Locke solution is prepared by 


dissolving the following chemically pure salts in 1 
liter of distilled water: NaCl, 9.0 g; KCl, 042 g; 
CaCh, 048 g; NaHCO, 0.20 g. Adjust the pH of the 
solution to 7.2-7.4 with 0.6 ~N NaOH. The solution is 
sterilized by Seitz filtration, tested for sterility in 
thioglycollate broth (Difco) and stored in a refrigerator. 


experimental animals. Chemotherapy studies, in 
particular, require the production of uniform and 
reproducible mortality rates. Since cellular changes 
may be expected to occur spontaneously at any point 
the artificial life history of a pathogenic culture, it 
becomes necessary for such cultures to be examined 


periodically for changes in virulence. If loss of virulence Ten per cent hog gastric mucin suspension is prepared 


by suspending 50 g of granular mucin (Wilson Labs., 
Type 1701-W') in 477.5 ml of cold physiological saline 
in a 750-ml Erlenmeyer flask. The suspension is slowly 
agitated until the mucin is thoroughly wetted and then 
mixed with an electrical stirrer until a homogeneous 
suspension is obtained. Autoclave for 10 minutes at 
15 lb pressure. Allow the suspension to cool to room 
temperature and adjust the pH to 7.2-7.3 using sterile 
0.5 N NaOH (approximately 22.5 ml of 0.5 N NaOH). 
Test for sterility in thioglycollate broth and store at 
1 C. 

Preparation of bacterial pools. In view of the marked 
alterations which bacterial cells undergo on artificial 


has occurred, the investigator must increase the size 
ithe inoculum or raise the level of virulence by means 
i animal passage. This report describes a procedure 
lor the use of low temperature storage whereby it is 
possibl’ 1) to avoid the use of cultures which must 
be repeatedly transferred on laboratory media, 2) 
(0 mai tain infectious material without loss of viru- 
ence, ind 3) to prepare bacterial cultures which, over 
ong p-iods of time, give reproducible infections. The 
methoc has been employed routinely in this laboratory 
luring “he past 4 years and has given satisfactory 
tesults vith such species as Salmonella typhosa, Sal- 
monello choleraesuis, Shigella sonnei, Klebsiella pneu- 
moniae Vibrio comma, Streptococcus pyogenes and 


bacillu anthracis. 1 Wilson Laboratories, Chicago 9, Illinois. 
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TABLE 1. Viability and virulence of bacterial species stored at low temperature 


NUMBER OF VIABLE CELLS COUNTED 
PER ML 


RESULTS OF INTRAPERITONEAL 
INOCULATIONS IN MICE 


AVERA( 
OF VI 
CELLS IN 
TR 


MONTHS OF 
STORAGE 


BACTERIAL SPECIES POOL NO, 


Before Per cent 
freezing 


IN 
y, > ¢ wi g ) Ts t R ? 
After thawin D/T mortality PERIT 


Salmonella 2690 


2740 


(a) 


(b) 


3,630 86.5 


92. 


(a) 45/52 
typhosa (b) 69/72 
3880 
3780 


49/50 


98. 
94.° 


Salmonella 1040 


1370 


88.8 


choleraesuis (b) 


1,580 (a 
(b) 


1350 
1310 


Bacillus 


anthracis 


4] 
19 


(a) 
(b) 


Streptococcus 635 


pyogenes 604 


may 
helic 
932 


863 


relerr 
mani 

; ; : 
Shigella sonnei more 


chem« 


500 
Vibrio comma 1,970,000 


lactol 


Klebsiella 
pneumoniae 


(a) Figures obtained at beginning of storage period. 
(b) Figures obtained at end of storage period. 

(c) Figures obtained during entire storage period. 

* Deaths per total inoculated. 


media, all cultures received in this laboratory are im- 
mediately desiccated according to the method reported 
by Frobisher ef al. (1947). The strains and species 
thus preserved constitute the stock cultures. In the 
event that cultures must be maintained on media they 
are subcultured sparingly. 


All pools are routinely prepared in 5 per cent mucin 
for two reasons: the mucin enhances the virulence of 
the cultures (Nungester, Wolf and Jourdonais, 1932) 
and it protects the cells during the freezing and thawing 
process. The cell suspension in 5 per cent mucin is 
obtained by adding an equal volume of Ringer-Locke 
solution (containing 12- to 16-hour cells diluted to a 
that required in the final sus- 
pension*) to 10 per cent mucin. The thoroughly mixed 
cell-mucin suspension is quickly dispensed in 10-ml 
glass ampules which are flame-sealed and frozen rapidly 
in a slanting position in a 95 per cent ethyl alcohol or 


concentration twice 


2? Determination of the number of cells necessary to give 
the desired mortality rate is accomplished by the preliminary 
preparation and titration of a small frozen pool. 


82,000 


trichloroethylene bath maintained at 
—76 C with dry ice; the ampules are stored in 
ice cabinet. The contents of an ampule are tha 


a 37-C water bath immediately after removal fro 


cabinet. Fractured ampules should be discarded 
RESULTS 

The results given in table 1 show the eff 
freezing, storage in dry ice, and rapid thawing 
viability and infectivity of seven different spe 
bacteria suspended in 5 per cent mucin. The 
giving mortality rates in Carworth CFW mice fo 
intraperitoneal inoculation represent control a 
infected during routine chemotherapy screening : 
the respective species. It may be seen that the ! 
and thawing procedures did not affect the via! 
counts. It should be emphasized that repeated 
of the cells present in a given pool were unifori 
periods of time as long as 2 years. A second p 
interest is that low temperature storage did no! 
loss of virulence either originally or after the | 


approxi: 


aus 


sagt 
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ie. The table also indicates that pools giving 
‘imately the same cell counts and mortality 
may be prepared at will. 

DIscUSSION 


(Turner, 
pirochetes could be 


owing the report 1938) that 
maintained in the frozen 
low temperature storage cabinets have been 
ely employed for the 


viruses 


these 
isms. The fact that bacteria can be preserved 


preservation of 


after rapid freezing and prolonged storage at 
emperatures has been known since the turn of 
entury (Macfayden and 
hydrogen at 


fowland, 1900, using 
~—252 C; Haines, 1938, using solid 
1 dioxide), but the technique has been infre- 
ly used by bacteriologists. The results reported 
‘confirm the findings of other workers on the use 

id carbon dioxide as a means of preserving bac- 
However, the principal intention of this study is 

‘sent a means for the storage of a large amount 
fectious material with which repeated studies 

may be carried out using uniform preparations. It is 
believed that species of bacteria other than the seven 
referred to in this report may be handled in a similar 
manner so that maintenance problems with some of the 
more unstable forms may be satisfactorily controlled. 
The method has proven to be a valuable asset in 
chemotherapeutic testing. We have also had satis- 


factory results in the use of frozen pools of both bac- 


FOR MAINTAINING VIRULENCE 


teria and fungi for in vitro studies. We feel that frozen 
pools of cells should find application in many areas 
where a standard seed culture or 
desired. 


infective dose is 


SUMMARY 


A method has been described whereby bacteria may 


be prepared and maintained at a low temperature. 
The infectious material remains stable and will give 
reproducible mortality rates for periods of time as 
long as 2 vears. No losses in viability were detected in 
the frozen pools as a result of rapid freezing, storage 
or rapid thawing. 
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has been shown in previous studies with gram 
nec itive (Escherichia coli), gram positive (Micrococcus 
py jenes var. aureus), and acid-fast (Mycobacterium 
ray ve) bacteria, that strains selected for resistance to 
a given toxic agent may, as a result, acquire several 
ne properties (Szybalski, 1953b; Szybalski and Bry- 
son, 1952, 1954). They may change their sensitivity 
to other agents to which they have never before been 
exposed. Thus, sensitivity may be increased (collateral 
sensitivity), decreased (cross resistance), or remain 
unchanged. 

‘he following investigation employs Bacillus mega- 
ferium, a spore-forming bacillus representing a bacterial 
type hitherto not included in our analyses of cross 
resistance. This species is characterized by high sensi- 
tivity to many antibacterial agents, simple growth 
requirements, fast growth, formation of large cells 
suitable for cytological studies (DeLamater, 1951) and 
easy isolation of the resistant mutants. It was also 
planned to select several mutant strains having clear, 
independent and neutral markers. These genetic 
markers would be useful for testing the possibility that 
B. megaterium undergoes genetic recombination similar 
to L’scherichia coli strain K-12. The search for recom- 
bination was motivated by cytological studies of De- 
Lamater and Hunter (1953), who observed formation 
of “fusion tubes” between cells of B. megaterium, sug- 
gesting a sexual process. 

This type of study affords opportunity for the selec- 
tion of some mutants which are not related by cross 
resis'ance. In addition, it permits the allocation of the 
antilioties of undetermined structure to established 
groups of biologically similar or identical substances. 


MATERIALS AND METHODS 


A strain of Bacillus megaterium obtained from Dr. 
E. 1) DeLamater, University of Pennsylvania, (De- 
Lam. ter and Hunter, 1953) was employed in these 


ese studies were aided by a contract between the Office 
al Research, Department of the Navy, and the Long 
Biological Association (Nonr-1154-01). 

sent address: Institute of Microbiology, Rutgers Uni- 
versi' «, New Brunswick, N. J. 
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experiments. Bacterial stocks were grown in- small 
(l-oz) serew-cap bottles filled with double strength 
nutrient broth’ (16 grams per liter; Difco) and aerated 
by agitation with a wrist action shaker at 34 C. Heavy 
growth (up to 6 X 10° cells per ml) was obtained 
6 to 8 hours after seeding with heavy, fresh inoculum. 
The comparatively large size of B. megaterium made 
it impractical to further increase the cell titers. 
The following antimicrobial agents were employed: 
amicetin, bacitracin, carbomycin, catenulin, chloram- 
phenicol, chlortetracycline,‘ 
dihydrostreptomycin, 


cinnamycin, — circulin, 
erythromycin, formaldehyde, 
furadroxyl, hydroxystreptomycin, illudin M and 38, 
isoniazid, licheniformin B, micrococcin, mycomycetin, 
neomycin, nicotinaldehyde, thiosemicarbazone, nisin, 
oxytetracyeline,> PAS (sodium p-aminosalicylate), 
patulin, penicillin, pleocidin, pleuromutilin, polymyxin 
B, streptomycin, streptothricin, subtilin, tetracycline, 
thiolutin, thiolutin-like antibiotic (Sharp and Dohme), 
tyrocidine, thioaurin, vinactin, viomycin, xanthomycin, 
and four other antibiotics identified by their code 
names: PA-89 (Pfizer), X-206, X-464 and X-537-A 
(Hoffmann-LaRoche).® 

Stock solutions of a majority of these substances 
were prepared at concentrations of 10 mg per ml, using 
demineralized water as a solvent. Low solubility or a 
very scarce supply of chloramphenicol, erythromycin, 


3 Several experiments were performed to determine the 
best medium for the cultivation of B. megaterium. It was found 
that double strength nutrient broth supplies enough nutrient 
and has sufficient buffering capacity to provide for fast bac 
terial growth with minimal death rate. In more diluted broth, 
and especially when glucose was added, the highest obtainable 
titers were up to 10° cells per ml with viability decreasing 
rapidly after prolonged incubation, so that the majority of 
the cells were dead within two days. Addition of sugar also 
decreased the total count on agar plates. It increased, however, 
the rate of growth of the colonies and their mucosity. 

*Generic name for aureomycin (Trademark of Lederle 
Laboratories Division). 

» Generic name for terramycin (Trademark of Chas. Pfizer 
& Co., Inc.) 

® Most of these antibiotics have been listed by Baron (1950) 
and Benedict (1953). The source of supply is indicated in the 
acknowledgments at the end of this paper. 
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furadroxyl, illudins, micrococein, pleuromutilin, thio- 
lutins, tyrocidine, thioaurin, PA-89, and X-antibiotics 
compelled the use of less concentrated stock solutions 
or nonsterilized fine suspensions. With the exception of 
penicillin, oxytetracycline and chlortetracycline, the 
Seitz-filtered solutions were adequately stable at a 
temperature of about 1 C. To improve stability, the 
pH of the solutions was adjusted to 6.5 for penicillin 
and 1.5 for chlortetracycline and oxytetracycline; they 
were kept at about —15 C until the day of actual use. 
All plating was done using nutrient agar of the follow- 
ing composition: nutrient broth, 8 grams; yeast extract, 
1 gram; sodium chloride, 5 grams; NZ-amine A, 5 
grams; and agar, 20 grams per | liter demineralized 
water. NZ-amine A was supplied through the courtesy 
of Sheffield Farms and all other components were com- 
mercial products of Difco Laboratories, Inc. Ten-ml 
portions of this melted medium were distributed to 
15-0z prescription bottles (Armstrong-Cork Company, 
GX-!5, black screw caps) using an automatic pipetting 
machine, autoclaved and kept in a water bath (about 
50 C). Appropriate amounts of antibiotic solution were 
added to these bottles and the contents were mixed 
and poured into Petri dishes as required. The gradient 
plate technique was used both for developing resistant 
strains and for determining their comparative resist- 
ances. These procedures have been described in pre- 
vious publications (Szybalski and Bryson, 1952). 


RESULTS 
Isolation of Resistant Strains 

Kmploying the gradient plate technique, it | was 
always possible to obtain growth of several colonies 
beyond the boundary of total inhibition for the ma- 
jority of the bacterial population. The proportion of 
these apparently resistant colonies was large for some 
toxic agents (for example 10-° to 107" per cent of 
B. megaterium colonies were isoniazid-resistant) and 
very small for others (for example 10~ to 10~® per cent 
for erythromycin resistance), employing a population 


up to 10° cells divided between several identical plates. 


These apparently resistant colonies, however, were in 
several cases just as sensitive as the parental strain 
when tested against the same antibiotic on another 
gradient. plate. 

The bold face figures on the diagonal of table 1 
indicate the increase in resistance of the resistant 
strains of B. megaterium. 

It was not possible to select strains of B. megaterium 
permanently resistant to formaldehyde, furadroxyl, 
nicotinaldehyde thiosemicarbazone, nisin, — patulin, 
penicillin, subtilin, thioaurin, and xanthomycin. Strains 
transferred several times on gradient plates containing 
these agents and represented on the table by the sym- 
bols Bm FO, Bm FU, Bm NTS, Bm NI, Bm PT, 
Bm PN, Bm SB, Bm TA, Bm XA, do not show 
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significant changes in their sensitivity to any agi 
tested. A pronounced effect of inoculum size was 
served in assaying the activity of penicillin, subt 
and xanthomycin. This may have been one of 
factors contributing to failure in the isolation of st) 
resistant to these antibiotics. An alternative exp! 
tion is that the resistant mutants are extremely rai 
entirely absent in the tested population of B. » 
terium, or that the wild strain shows the upper pote: 
level of resistance. 

By repeated restreaking on the gradient plat 
Was not possible to obtain strains with permanent 1 
sistance increased more than twofold to the follo 
substances: chloramphenicol, circulin, pleuromut 
polymyxin B, thiolutin, thiolutin-like antibiotic 
tvrocidine. 

A high degree of resistance without impaired vi 

ity and morphology was exhibited by strains resis 
to amicetin, bacitracin, cinnamycin, erythrom 
tetracyclines and streptomycins. Resistance to p-an 
salicylic acid and to isoniazid develops in one clear-cut 
step; the initial resistance of B. megaterium, however, 
is rather high and resistant mutants are very freq) 
It also has been observed that several satellite colonies 
appear around the PAS-resistant colonies after  pro- 
longed incubation. The delay in appearance of this 
satellite growth depends on the concentration of PAS 
indicating decomposition of this chemical. The geneti 
use of micrococein, illudin M and X-537-A resistant 
strains was prevented by the low solubility and great 
scarcity of these antibiotics. Resistance to many o! thi 
antibiotics was accompanied by more or less profound 
changes in the morphology and viability of B. rn qo- 
lertum. 


Studies of Cross Resistance 


The degree of cross resistance was determined |) 
assaying the sensitivity of each resistant strain ag:inst 
the entire series of antibiotics through the use oi th 
gradient plate technique. The “factor of resistance” is 
the quantitative value used for describing the dexree 
of cross resistance. It is the ratio of the sensitiviti 
the resistant and parental strains. The figures in ta 
represent the factor of resistance. Increased sensit 
is shown as a fraction. The table is organized « 
previous publications on cross-resistance patter! 
Escherichia coli, Micrococcus pyogenes var. aureus 
Mycobacterium ranae (Szybalski and Bryson, | 
1954; Szybalski, 1953b). The top row indicates 
concentration of toxic agents required to inhibit 
parental strain of B. megaterium. For instance, 
seen from the table that a strain Bm/CB with 20 t 
increased resistance to carbomycin (the diagonal ot 
table) is 3 times more resistant to erythromycin 
{ times more sensitive (14) to neomycin. The int 
tory concentrations of carbomycin, erythromycin 
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neomycin for Bm/CB strain are, in this case, 16 (20 
0.8), 0.6 (3 & 0.2) and 0.01 (44 X 0.04) yg per ml, 
respectively. 

The data have been tabulated so as to place the 
agents related by cross resistance in proximity to each 
other and thereby reveal their relationships. The rela- 
tionships will be discussed in the next section of this 
paper and compared with the results obtained with 
similar or different organisms both in our previous 
experiments and in the investigations of other workers. 


DISCUSSION 

Several conclusions may be derived from the present 
work, generally confirming those previously obtained 
with gram negative rods, gram positive cocci, and acid- 
fast bacteria, although differing in certain details. Also, 
a considerably wider range of antibacterial agents has 
been used. 

The various studies employing several bacterial 
species have been discussed in previous papers (Szy- 
balski, 1953b; Szybalski and Bryson, 1952, 1954). No 
references have been found describing cross-resistance 
studies employing B. megaterium, and only Kaipainen 
(1951) has used a spore former (Bacillus subtilis) in 
studies of the relationship between chlortetracycline, 
oxytetracycline, chloramphenicol, streptomycin and 
penicillin. Rather irregular results were obtained, with 
pronounced cross resistance noted only between chlor- 
tetracycline and oxytetracycline. 

B. megaterium is rather sensitive to many toxic 
agents to which other bacteria previously tested were 
either insensitive, or only selectively sensitive. There 
remains, however, a considerable number of substances 
to which resistance either fails to develop or develops 
to an insignificant extent. This fact is a severe handicap 
in the identification of some antibiotics by means of 
cross-resistance studies. The difficulty could perhaps be 
overcome in some cases by the use of other bacterial 
variants or species exhibiting higher sensitivity to a 
given toxic substance and producing clear-cut resistant 
mutants. 1. colt, M. pyogenes var. aureus and B. mega- 
tertum, for instance, are not properly suited for differ- 
entiating between viomycin and other antibiotics of 
the streptomycin-streptothricin-neomycin group. These 
species are comparatively insensitive to viomycin; 
strains resistant to this antibiotic have very markedly 
decreased viability and rate of growth, and show in- 
creased resistance to all other drugs of the viomycin- 
streptomycin-streptothricin-neomycin category (Szy- 
balski, 1953b; Szybalski and Bryson, 1952). Acid-fast 
Mycobacterium ranae is much more satisfactory for 
comparing the members of this group. Its sensitivity to 
viomycin, streptomycin, neomycin and catenulin is of 
a similar order; it produces mutants highly resistant 
to these drugs with unimpaired growth properties and 
shows selectively different patterns of cross resistance 
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which easily differentiate viomycin-vinactin on « \ 
hand and neomycin, catenulin, streptomycin and st) p- 
tothricin on the other (Szybalski and Bryson, 19 
The same M. ranae, however, would be very po 
suited for comparing differences and similarities 
tween tetracyclines, erythromycin, carbomycin 
chloramphenicol, primarily because of low sensiti 
and the lack of highly resistant mutants. F. co/ 
B. megaterium would be much better suited for 
purpose. It may be concluded that a bacterial mu: i 
resistant to one agent is generally resistant to all 0: \e1 
chemically and biologically related toxic substan es 
However, on occasion it is possible to isolate spe: fi 
resistant mutants which show small but definite di) er- 
ences in response to such similar substances as stre))to- 
mycin and  N’-a-hydroxypropylstreptomycylan ine 
(Treffers et al., 1953) or tetracyclines (Szybalski «nd 
Bryson, 1952). 

The studies with B. megatertum reveal several groip 
of antibiotics related by cross resistance. As in prev ous 
investigations of this series, the largest group is com- 
posed of streptomycins, neomycin, catenulin, pleocidin, 
streptothricin, viomycin, vinactin, licheniformin, poly- 
myxin B and circulin. As was found in previous studies, 
streptomycin, dihydrostreptomycin and hydroxyst:ep- 
tomycin show complete cross resistance and cross 
dependence and are therefore collectively designated 
as streptomycins. Pleocidin, which we have not studied 
before, undoubtedly belongs to this group. Charney 
et al. (1952) who discovered pleocidin classify it as 
closely related to streptothricin. Dutcher (1953), on 
the other hand, believes that it is a form of neomycin 
Resistant strains of B. megaterium do not display 
enough selectivity to be used for distinguishing between 
these two possibilities. 17. ranae may, in this case, be 
a more appropriate species. Dutcher (1953) subdiv ides 
the above-mentioned antibiotics into two classe-: a 
basic, glycosidic group containing streptomycins, \:co- 
mycins, catenulin and pleocidins; and a basic, poly- 
peptide group consisting of streptothricin, strept. lin, 
viomycin, vinactin, cinnamycin, nisin and amic tin 
According to our studies, the last three antibiotic- do 
not show any biological similarity to each other ©» to 
the rest of the class. As a group, the basic polypep' le 
should be augmented to include the biologically si: 
bacterial polypeptides: licheniformin, circulin 
polymyxin B. When studied with B. megateriwm 
M. pyogenes, tyrocidine and subtilin, two other 
terial polypeptides, show, in a few cases, a low « 
cross-resistance relationship to the other basic | 
peptides which have been discussed. Bacitracin, m 
coccin and nisin do not show any appreciable relat 
ship to other bacterial polypeptides. B. megateriu: 
very sensitive to these three antibiotics. It prod 
mutants highly resistant to bacitracin and microco: 
but otherwise apparently unchanged; it is not poss 
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to isolate any strains resistant to nisin. Similarly 
\f. pyogenes and M. ranae hardly develop any resist- 
an? to nisin, being originally very resistant to this 
int biotic. It is interesting to note in the table that 

yuuigh we were unable to isolate nisin- and subtilin- 
res stant strains directly, an indirect selection was 
po ible. Thus, bacitracin- and micrococcin-resistant 
str ins of B. megaterium are four times more resistant 
to nisin. Similarly, tyrocidine, X-206 and X-464 
sel cted strains are six to eight times more resistant to 
sul lin than is the parental strain. Using B. megaterium, 
the studies with subtilin were obstructed by a_pro- 
no: need effect of the inoculum size in the determina- 

of sensitivity (inoculum effect). Resistance to 
cin camycin, on the other hand, develops easily and to 
avery high degree. No biological relationship was noted 
between Cinnamycin and subtilin which are’ both 
polypeptides containing a new C;HyN.O.8 amino 
acid (Benedict et al., 1952). Netropsin was not included 
in these studies because of relative inactivity of this 
substance against B. megaterium. The studies with 
M. pyogenes have related this antibiotic to the group 
of actinomyces polypeptides. 

‘Tetracycline, oxytetracycline and chlortetracycline 
are again very closely related, with more pronounced 
similarity between the spectra of tetracycline and its 
oxy-derivative. Erythromycin-resistant strains are also 
resistant to these three antibiotics (see table). Resist- 
ance to erythromycin develops easily to a high degree 
in a single step, but the mutation rate is rather low. 
Erythromycin-resistant strains, like those resistant to 
tetracyclines, show full viability and a normal rate of 
growth. Resistance to carbomycin, on the other hand, 
results in poorly growing strains. Cross resistance be- 
tween carbomycin- and erythromycin-resistant B. mega- 
ferium is unidirectional and of very low order, seem- 
ingly contrary to the findings of Finland et al. (1952) 
who reported a complete cross resistance for carbo- 
mycin- and erythromycin-resistant staphylococci. Our 
additional experiments have confirmed that .W. pyo- 
genes Var. aureus shows similar patterns of resistance 
development both to erythromycin and carbomycin. 
It develops a high degree of resistance in only a few 
steps with almost complete cross resistance of fully 
Viale resistant strains. B. megaterium, however, dis- 
tinguishes clearly between the action of both these 
dru 

Some cross resistance was noted between carbomycin 
and antibiotic PA-89. Strains resistant to both anti- 
blot -s grow very slowly which may be a common 
reas 0 for their increased resistance to these drugs. 


L) ficulties in isolating strains resistant to thioaurin, 


thio atin and a thiolutin-like preparation prevented a 


comoarison of the biological similarities of these sul- 
phu containing substances. 


Resistance to amicetin develops easily and to a very 
high degree. This antibiotic, however, is not related 
to any other antibiotic tested. On the basis of cross- 
resistance patterns, it Was fairly routine to tentatively 
Classify as amicetin several previously unidentified anti- 
biotics supplied by independent laboratories. 

In previous studies with JW. pyogenes (Szybalski, 
1953b) 1t was not possible to isolate strains resistant 
to antibiotic X-537-A, although isolation of strains 
resistant to X-206 and X-464 was achieved without 
difficulty. The last two antibiotics showed pronounced 
cross resistance, with no evident relationship to X- 
537-A. B. megaterium easily produces strains resistant 
to all three of the “X” 


to be closely related by cross resistance to each other, 


antibiotics, which here prove 


and in a much lower degree to the unrelated antibiotic, 
mycomycetin. This is another example of the finding 
that different bacterial species show different selee- 
tivity of their resistant mutants in distinguishing be- 
tween apparently similar toxic substances. 

Strains of B. megaterium resistant to illudin M and 
S show complete cross resistance, as do resistant strains 
of MW. ranae. Iludin S is 100 times more active against 
B. megaterium and 5 times less active against .W/. ranae 
than is illudin M. 

B. megaterium develops little resistance against 
chloramphenicol and pleuromutilin. A strain with two- 
fold resistance to chloramphenicol is three times more 
resistant to pleuromutilin, similar to the chlorampheni- 
col resistant or dependent 1. pyogenes, which showed 
increased resistance to pleuromutilin or even partial 
dependence. The inverse relationship does not obtain 
with either organism. 

One-step resistance develops to isoniazid and sodium 
p-aminosalicylate. Strains resistant to these drugs do 
not show a significant Increase in resistance to other 
toxic agents. The mutation rate to isoniazid resistance 
is rather high (6 & 107° per bacterium per generation) 
(Szybalski and Bryson, 1953). This may explain why 
a few strains resistant to other antibiotics showed 
increased resistance to isoniazid, which was also the 
case with J/. ranae. As stated previously, it was not 
possible to select strains resistant to several other agents 
as penicillin, xanthomycin, patulin, furadroxyl!, formal- 
dehyde and nicotinaldehyde thiosemicarbazone. Neither 
Was It possible to isolate strains of other microorganisms 
tested that are resistant to some of these substances, 
but in the case of penicillin and furadroxy! it was easy 
to obtain strains of F. coli and M. pyogenes highly 
resistant to these drugs. For instance, a first step mu- 
tant of /. coli strain B is 30 times more resistant to 
furadroxyl and identical with the radiation-resistant 
strain B/r (Szybalski and Nelson, 1953). The failure 
in isolating strains resistant to penicillin and furadroxy] 
within the B. megaterium population may be due to 
its initial high resistance and penicillinase production 
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in the case of penicillin, or in great rarity or inherent 
lack of resistant mutants. 

Only a few cases of collateral sensitivity (Szybalski 
and Bryson, 1952) of a higher order were observed. 
For example, a strain resistant to antibiotic PA-89 was 
more sensitive to several actinomyces and bacterial 
polypeptides and to neomycins. The highest increase 
in sensitivity was ninefold in the case of licheniformin. 
As previously mentioned, resistant strains often showed 
a decreased rate of growth which may simulate in- 
creased sensitivity in turbidometric assays. 

All these studies indicate that controlling the de- 
velopment of bacterial resistance to antibiotics is not 
such a hopeless problem as has sometimes been stated. 
Iixtensive investigations indicate that certain bacteria 
do not produce resistant mutants to certain antibiotics, 
or that the production of such mutants is highly im- 
probable. The other encouraging fact is that some re- 
sistant strains lose their vigor, viability and virulence 
(for example: isoniazid-resistant tubercle bacilli 
Middlebrook and Cohn, 1953; “artificial” penicillin- 
Szybalski, 1953a). This loss 
may become even more evident in the case of multiple- 
resistant mutants. /n vive, however, a sufficiently long 
selection process might produce new resistant mutants 
of improved growth characteristics and restored viru- 
lence. In the absence of the toxie substance, or in the 
presence of an unrelated drug, resistance is often lost 


resistant staphylococci 


after several subcultures due to selective overgrowth 
of better suited mutants which, in this case, may be 
less resistant and sometimes even more sensitive (col- 


lateral sensitivity) to the agent previously employed. 


All the facts, together with the use of simultaneous 
multiple chemotherapy, indicate that bacteria may be 
controlled effectively when a sufficient number of un- 
related antibiotics becomes available. This poses two 
additional problems: search for new effective antibiotics 
and proper use of the variety of substances now at our 
disposal. 
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SUMMARY 


An attempt has been made to isolate strains of B 
lus megaterium resistant to 44 toxic agents, to s 
out any strains that might conveniently be utilized 
genetic studies, and to determine patterns of ¢ 
resistance. 

First-step mutants were isolated, with consider: 
to 
erythromycin, 


amicetin, bacitracin, ci 
illudin S, isoniazid, mi 
coccin, PAS, streptomycins, tetracyclines and X-537 


Strains of B. megaterium resistant to several other t: 


increased resistance 


mycin, 


substances were less suitable for genetic studies eit! 
as a consequence of poor viability or because of 
insufficient development of resistance. On the basi- 
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“ss-resistance patterns the substances have been 
ded into the following classes: 

‘he first group of basic glycosides and polypeptides 
udes streptomycins, neomycin, catenulin, pleocidin, 
ptothricin, viomycin, vinactin, licheniformin, poly- 

»xin B and circulin. The other bacterial and acti- 
iyces polypeptides or polypeptide-like antibiotics 
erococein, bacitracin, nisin, subtilin, tyrocidine, 
lamycin, amicetin and mycomycetin) do not show 

significant cross-resistance relationship to this 
group. 

he second group consists of tetracycline, chlorte- 
ycline, oxytetracycline, and the less closely related 
stances, erythromycin, carbomycin and antibiotic 
89. 

‘lose relationships are exhibited within the third 
up composed of illudin M and § and within the 
rth group, which includes the three X-antibiotics 
206, X-464, X-537-A) and the more distantly 
ted mycomycetin. 

Chloramphenicol and pleuromutilin are related by 
mw degree, unidirectional cross resistance. Inade- 
te resistance development makes the comparison 

of thiolutins and thioaurin difficult. No increase in 
resistance was observed in B. megaterium exposed to 
xanthomyein, penicillin, nicotinaldehyde thiosemicar- 
bazone, furadroxyl and formaldehyde, and no other 
groups of pronounced cross resistance were observed. 

This paper summarizes the results of previous studies 
on eross resistance which employed representative 
species of gram negative, gram positive and acid-fast 
bacteria (Szybalski and Bryson, 1952, 1954; Szy- 
balski, 1953b) and integrates them with the present 
work on the spore-forming B. megaterium. 

The implications of these studies on the identification 
of unknown antibiotics and on the planning of suitable 
measures to prevent development of bacterial resistance 
are discussed. 
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Fairly systematic investigations into this phenom- 
enon seem to go back to 1922 when Harrison and Ken- 
nedy, working in Canada, succeeded in cultivating red- 
pigmented organisms from specimens of salted fish 
displaying the phenomenon known as “Red Eye.” This 
highly characteristic red growth was the source of con- 
siderable economic loss in the Canadian fishing indus- 
try and was traced by the authors to the presence of 
red-pigmented organisms in the salt or brine used for 
curing. They came to the conclusion that tropical salts 
were the most serious sources of contamination, al- 
though subsequent investigations have shown that 
most unsterilized marine salts are contaminated by 
these bacteria. 

An early investigation of red heat on hides was made 
by Bergman (1929) who, unfortunately, came to some 
erroneous conclusions through the use of unsuitable 
media, finally attributing the coloration to strains of 
Micrococcus roseus. Bergman, however, published some 
photomicrographs showing that hides displaying red 
heat had evidence of bacterial digestion on the flesh side. 

Jordan-Lloyd (1929) and co-workers, using a modi- 
fication of a medium proposed by Clayton and Gibbs 
(1927) isolated strains of red, yellow, and colorless 
organisms from numerous samples of marine salt, and 
also demonstrated that mined salt from Cheshire was 
free from these bacteria. They formed the opinion 
that although these bacteria themselves seemed in- 
capable of digesting hide substance, hides showing 
evidence of red heat seemed more liable to putrefy. 

Harrison and Kennedy (1922) were of the opinion 
that their numerous isolates represented one species 
only to which they gave the name Pseudomonas sali- 
naria. This was later transferred by Bergey (1923) to 
the genus Serratia, and later still (1925) back to the 
Pseudomonas. Lochhead (1934a, b) investigated the 
bacterial flora of red heat occurring on three hides of 
different geographical origin, and isolated three strains 
of red organisms and a number of colorless halophiles. 
He identified one of them with Harrison and Kennedy’s 
P. salinaria, another with a species of sarcina previously 
isolated in tidal mud near Copenhagen by Poulsen 
(1879) and to which the name Sarcina littoralis had 
been given, and a third strain, considered a new species, 
to which he gave the name Serratia cutirubra. This 


species also was transferred to the Pseudomonas (Breed, 


Murray and Hitchens, 1948). Later, Stuart (1! 
published a remarkable paper in which he claime: 
have identified the causal agent of red heat with .1/ 
coccus rubens. Space does not allow a detailed ana 
of this claim, but it seems to rest on somewhat dou! 
evidence. The writer has been unable to reproduce 
of Stuart’s experimental results, and it is only pos: 
to conclude that he was dealing with an unusual : 

Harrison and Kennedy (1922) gave a good des: 
tion of P. salinaria, Somewhat abridged, it is as fol! 


Occurs as spheres and rods, extremely pleomo: 
motile, gram negative. 

Does not grow on ordinary culture media. 

Grows well on salted fish. 

Codfish agar; growth slow, smooth, raised, co 
granular, entire, pale pink to scarlet. 

No acid from carbohydrate. 

Aerobic, facultative. 


According to Lochhead (1934a, b), this orga 
digests gelatin and casein, but differs from P. cuti 
in color, consistency of its growth, and in havi 
slower rate of proteolysis than the latter. Actually, 
not certain that the strain which Lochhead ident 
as P. salinaria was identical with Harrison and 
nedy’s strain, as neither they nor earlier workers 1 
any mention of proteolysis. 

All workers in this field have stressed the diffi 
of staining these halophilic organisms. In_ parti 
if the growth is mixed with water, plasmoptysis 0 
cells occurs immediately. It is therefore necessa: 
mix and spread the growth on a slide with satu 
salt slution. Further, fixation by heating also seen 
cause rupture of the cells, and therefore smears, ‘ 
at laboratory temperature, must be fixed before s 
ing by treatment for 15 minutes with methyl] alc 
They can then be stained with gentian violet. 

Examination with the aid of a phase microscop 
considerable number of strains in the form of 
smears has shown that in any one culture of a st 
the morphology is fairly regular, but that the s! 
of the cells varies slightly in different media, and 1 
so at different salt concentrations. Much of the | 
morphism of these organisms described by Hari 
and Kennedy (1922), Lochhead (1934a, b, 1943) 
other workers, seems to be ascribable to distortio! 
the cells occurring during staining. 
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ultures which appeared as predominantly rod- 
ed in the phase microscope, showed, as stained 
us, marked pleomorphism. In extreme cases, wet 
us Which the phase microscope showed to consist 
raight slender rods with rounded ends became, after 
ng, fixing and staining, irregular oval cocci. Pro- 
sive reduction of the salt content of the medium 
cultures in which the greater number of cells be- 
‘more and more coccoid. It can therefore be said 
it is easy to induce pleomorphism by culturing the 
nisms under adverse conditions, and easy to obtain 
se impression of pleomorphism from stained prepa- 
ms. Lastly, it has been observed that laboratory 
ires degenerate fairly rapidly, becoming pleomor- 
and frequently losing the ability to produce pig- 


rains which are proteolytic when isolated lose this 
erty to a greater or lesser degree in laboratory cul- 
and it is therefore necessary to determine the prop- 
s of a strain as soon as possible after isolation. 
jaxwell and Lennox (1945) published a method of 
lizing sheepskins which, with slight modifications, 
been used previously by Anderson (1949) to study 
effect of various species of bacteria upon pelt sub- 
ce. Previous attempts to study the effect of single 
ies had been hampered and in many instances the 
Its invalidated by the inability to prepare sterile 
with its biochemical properties unaltered. The 
hod of Maxwell and Lennox, however, makes avail- 
a technique whereby the action of pure strains or 
wn mixtures of strains upon hide can be studied. 


The primary purpose of the present investigation, 


ene 


SPC] 


efore, Was to assemble a representative collection 


red-pigmented halophiles and study their action 


i sterile salted hide. 

mples of hide showing red heat were secured from 
mber of Sydney tanneries and also from several in 
sourne and Brisbane. Among these were samples 
des from Queensland and New Zealand as well as 
South Wales and Victoria. Later samples of hide 
rains of bacteria were secured from England, India 
South America. These strains have been included 
e classification, but were not employed in the tests 
erile pelt. The samples were washed in sterile 30 
ent salt solution and the washings plated onto or- 
y agar containing 27.5 per cent salt. The plates 
incubated for 14 days and subcultures made onto 
gar slants from selected colonies. An initial col- 
n of 25 red-pigmented and 8 colorless strains was 
ibled in this way. 

the strains were subjected to the usual bacterio- 
il tests, although many of these had to be adapted 
se of the organisms’ inability to grow in the pres- 
f less than 15 per cent salt, and the difficulty of 
ng growth in a liquid medium. 


O95 


The following media and methods were employed: 
1. Salt-agar for primary isolation. 


Meat extract 10 
Peptone 10 
Agar 

Water to make | liter 


25 
pH 7.5 
After solution of the agar, add 275 g ALR. sodium chlo- 
ride, tube, and sterilize or sterilize and pour plates. In- 
oculate with saline suspension from hide. 

2. Gelatin-salt agar. Soak 0.25 g of photographic gela- 
tin in 5 ce of water, warm to dissolve and add to 100 ce 
salt agar. Sterilize and pour. Make spot inoculations on 
duplicate plates and incubate. After 8 days, pour 5 per 
cent trichloracetic acid solution over one plate, leave 
for 15 minutes and examine for the presence of a clear 
halo around the growth. Repeat the test with the other 
plate after 21 days incubation. 

3. Casein agar. Suspend 0.5 g of pure casein in & ce 
water and add a drop of phenolphthalein solution. Add 
\ NaOH until a permanent pink is obtained, warm the 
solution slightly and make up to 10 ce. Add 5 ce to 100 
ce of salt agar, sterilize and pour. Repeat as for gelatin 
digestion. 

Enriched “synthetic” medium. Weigh out 1 g of yeast 
extract and make into a thin cream with water. Add 
two drops of concentrated hydrochloric acid, and make 
up to 100 ce with absolute alcohol. Filter. Mix medium 
as follows: 


Sodium ammonium phosphate 10 
Potassium chloride l 
Magnesium sulphate l 
Glucose 10 
Alcohol yeast solution 

Washed agar 25 g 
Water to make 1 liter 


After dissolving the agar, add 275 g A.R. sodium 
chloride. Sterilize and pour. Make-spot inoculations and 
incubate for 14 days. It is advisable to inoculate a 
“blank” medium containing all ingredients except glu- 
cose and incubate this with the test plate. In a few in- 
stances growth has been observed to occur on the blank 
medium, the yeast extract presumably serving as a 
source of carbon. When growth occurs however, it is 
extremely slow and scanty, and where growth is more 
rapid and more luxuriant in the presence of glucose it 
has been assumed that the latter was utilized. 

A selection of strains representative of pigmented and 
non-pigmented varieties, some capable of digesting pro- 
teins and others not, were grown on sterile hide pieces 
containing 27.5 per cent salt. In most instances good 
growth was obtained, the red color usually making its 
appearances in 2 weeks at 37 C. Incubation in all cases 
was continued for 10 weeks, and the samples then 
washed and examined. In no case was hair slip ob- 


served, and after tannage the leather in most cases ap- 
peared to be quite normal and similar to sterile control 
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pieces incubated for a similar period. In one or two in- 
stances the leather appeared soft, and it seems signifi- 
cant that the soft leather was from hide pieces inocu- 
lated with proteolytic strains, that is, those known to be 
capable of digesting gelatin and casein. However, there 
was none of the intense local digestion and pitting of 
the surface, either flesh or grain, which was observed 
in previous work with organisms of the genus Bacillus. 
Those organisms with proteolytic properties also pro- 
duce a distinctly ammoniacal smell both on laboratory 
media and on hide pieces. Therefore it remains a defi- 
nite possibility that red heat can cause loss of weight in 
heavy leather manufacture, and perhaps looseness of 
structure in light leather, although extensive and seri- 
ous damage to the hide does not occur. 

In view of Jordan-Lloyd’s (1929) observation that 
hides showing red heat seemed to be more prone to 
bacterial damage than normal hides, a series of experi- 
ments was undertaken in which various mixed cultures 
were prepared on hide pieces. Using red halophiles and 
strains of bacilli isolated in earlier work and known to 
cause extensive damage to hide fibers, various combina- 
tions of two or more strains were cultured on hide pieces 
both at 27.5 per cent salt concentration and at 15 per 
cent salt concentration. The latter, the lower limit for 
halophilic growth, was tried in order to afford the best 
possible opportunity for the simultaneous growth of 
bacilli and halophiles. In no instance, however, did the 
presence of halophiles lead to accelerated digestion by 
the bacilli. 

Lastly, it seems worthy of mention that during the 
isolation of 25 rod-shaped red halophiles similar to P. 
salinaria, from 12 samples of hide, only 2 strains of 
S. littoralis were encountered. It may or may not have 
been significant that on one sample of hide the red 
growth consisted entirely of S. littoralis, but it is ap- 
parent that in Australia at least, the common causal 
agents are not sarcinae, 


CLASSIFICATION OF RED-HEAT ORGANISMS 
The variable cultural characteristics of the organisms 
in the above collection made it abundantly clear that 
many more than two species were represented. Refer- 
ence has already been made to the uncertainty apparent 


in the literature as to their proper place in the generally 


accepted bacterial classification. Stuart removed these 
organisms from the order Eubacteriales on the basis of 
his identification of a red-heat strain as a myxococcus, 
and attributes the pleomorphism observed by previous 
workers to differing growth-phases characteristic of 
myxococci. 

In the absence of confirmation of these results, how- 
ever, there seems no valid objection to placing the or- 
ganisms in the Hubacteriales. The problem, therefore, 


becomes their allocation to the appropriate genus. 


Seratia seems to be ruled out by the absence of p 
teolysis in many strains. 

Objections to the genus Pseudomonas are more ot 
ous and numerous. The organisms do not form a wat 
soluble pigment, nor is the pigment greenish. In | 
the sixth edition of Bergey’s Manual (Breed, Mun 
and Hitchens, 1948) states that the red halophiles 
“temporarily” retained in the genus. 

It seems, therefore, that a strong case can be m 
out for the creation of a new genus and the generic n: 
‘“Halobacter” is proposed in preference to ‘Halo! 
terium” employed by Elazari-Voleani (1940) in a st) 
of the bacterial flora of the Dead Sea. 

As the name infers the halophilic character of th« 
ganisms, it is logical to specify an obligatory halop! 
character as a prerequisite for the inclusion of any st) 
in the genus. Nonpigmented obligatory halophiles 
constantly encountered in this work and were « 
sidered by Lochhead (1934a) to be species of Achro 
bacter so that pigmentation is not an absolute condi! 
for inclusion, but where pigment is produced, it is | 
ally red and, more rarely, yellow, orange, or vic 
Some strains are motile by means of polar flag: 
others nonmotile. 

Morphology can vary from coccoid to fairly 
rods. Staining is difficult, and all strains are gram 1 
tive. Inability to ferment carbohydrate seems to | 
general property. 

Growth in liquid medium is poor, but by no mx 
invariably absent. When it does occur, it is not acc 
panied by pigment formation. Growth on solid med 
is slow, usually taking 4 to 5 days to appear at 37 ¢ 
though a few strains show growth within 48 hours. 

Within this general description, a number of tests 
pear to be available for the differentiation of spe 
Lochhead (1934a) observed the peculiarly viscid c! 
acter of the growth of P. cutirubra, a characteristic 
shared by the strain he identified as P. salinaria. In 
present collection of strains, several showed this v: 
growth, and the property seems to be quite sts!!! 
through numerous subcultures. 


, 


Ability to grow on the “synthetic”? medium n 
tioned earlier is also characteristic of numerous str: 
and these factors, coupled with the proteolytic acti 
of individual strains, provides a basis for differentia 
of species. The presence or absence of pigment is 
considered of fundamental importance, especially 
many strains lose the ability to form pigment aft: 
few generations on laboratory media, and it may 
possible to assume that pigmented strains are norn 
and that unpigmented strains with similar cultura! 
actions are merely varieties of the pigmented spe: 
Table 1 shows the organisms of the collection wh 
have been studied. They have been arranged in sev: 
groups on the basis of their growth consistency, t! 
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TABLE 1. Cultural characteristics differentiating halophilic strains into groups 


FN3 
H11 


JBI + 
N B6 + 
NBS * 
olet 
H12 


FN2 
NB7 

D2 
FN1 
TS5 
G3 


4 + +- 4 


“SYNTHETI 
MEDIUM 


CONSISTENCY 
Moist Queensland hide no. 1 
Moist New Zealand hide 
Moist Queensland hide no. 2 
Moist New South Wales hide 
Moist Victorian hide 


Viscid 
Viscid 
Viscid 
Viscid 
Viscid 
Viscid 


New Zealand hide 
New South Wales hide 
Indian goatskin 

New South Wales hide 
South American hide* 
Khari salt (Indian 


Moist Queensland hide no. 1 
Moist Queensland hide no. | 
Moist Queensland hide no. 2 
Moist New South Wales hide 
Moist South Australian salt 
Moist New Zealand hide 
Moist New South Wales hide 
Moist Victorian hide 


Moist Queensland hide no. | 
Moist Belgian calfskin* 
Moist 
Moist 


Indian goatskin 
New South Wales hide 


Moist New South Wales hide 


Moist Belgian calfskin* 
Viscid 
Viscid 
Viscid 


Queensland hide no. 1 
New South Wales hide no. 1 
Victorian hide 


Moist Queensland hide no. 
Moist New Zealand hide 
Moist Queensland hide no 
Moist Red Sea salt* 


Supplied by the British Leather Manufacturer’s Research Association. 


ability to grow on the synthetic medium described, and 
the digestion of gelatin and casein. 
in table 1 it will be noted that group VI strains agree 
with the published data on P. cutirubra, and either 
groups III, V or VII with the published data on P. sali- 
naa, according to whether Harrison and Kennedy’s 
122) or Lochhead’s (1934a) description is accepted. 
Th: former authors state that the organism will not 
groyv on a synthetic medium but the statement is of no 
assi-tance in this instance because of all the organisms 
tesi -d, only NB4 and UK1 grew on a synthetic medium 
in (ie absence of yeast extract, that is, under condi- 
comparable with those used by Harrison and Ken- 
nec. In the absence of more precise information, it is 
pro osed to reject group V on the grounds of Loch- 


hea \'s results and to assume that group IIT corresponds 


to | ochhead’s strain of P. salinaria. This seems to be 
the more likely choice, first because the majority of 


strains grew on the “synthetic”? medium employed and 
second because, having been isolated by several workers 
the organism is probably fairly common and group III 
is the largest group of strains assembled. 
The following nomenclature is proposed for the vari- 

ous groups of strains: 

Group I 

Group II 

Group II] 

Group IV 

Group V 

Group VI 

Group VII 


Halobacter australis 
Halobacte 
Halobacter salinaria 
Halobacte lloydti 
Halobacter innocens 
Halobacter cutirubrum 
Halobacter lochhead 


UN LVE rsalis 


The following classification and description is pro- 
posed: 

Family 

Tribe 


Genus 


Pse udomonadace ae 
Pseudomonadeae 


Halohacte: 
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GENERAL PROPERTIES OF GENUS 


Slender rods with rounded ends of variable length, 
some strains motile by polar flagella, others of doubtful 
motility. Cannot be fixed and stained by ordinary meth- 
ods. Even when dried without heat and fixed with 
methyl alcohol, staining causes distortion of the cells. 
Kxtremely pleomorphic in old cultures or when grown 
in Other than optimum conditions. Gram negative. 

Require a concentration of at least 15 per cent salt 
for growth, optimum growth at 25 to 30 per cent salt. 
Growth on all media is slow, 5 days at 37 C being usu- 
ally required to produce visible growth. Growth in 
liquid medium is slower, poor, and frequently absent. 

Pigment is produced on solid media only and varies 
in color from orange to deep red, with occasional strains 
producing a violet or yellow pigment. Nonpigmented 
varieties are common. Many species, both pigmented 
and unpigmented, produce a highly characteristic viscid 
growth. Carbohydrates are not fermented. 

Proteins may or may not be digested. 


Type species. Halobacter salinaria (Pseudomonas sali- 
naria, Harrison and Kennedy, 1922) comb. Nov. 


Morphology. Young cultures grown at or near opti- 
mum salt concentration and observed in wet smears by 
phase contrast consist of slender rods, fairly straight, 
and with rounded ends. Motile. 

Stains with difficulty. Pleomorphic forms common 
owing to distortion during staining. Gram negative. 
Old cultures or cultures grown in lower concentrations 
of salt show marked pleomorphism, coccoid forms of 
irregwar outline being particularly common. 

Growth on agar. Colonies on salt agar are approxi- 
mately round, raised, convex and with entire edge, 
glossy, easily emulsified. Normally, the colonies are pig- 
mented bright brick red, but pigmentation is variable 
and unpigmented strains occur. Visible growth appears 
in 4 to 6 days. 

Growth in liquid media. Poor or absent. Pigment not 
produced. When growth occurs it is in the form of a 
light, even turbidity. Old laboratory strains generally 
grow better in liquid media than freshly isolated strains. 

Growth on “synthetic”? medium. Growth is slow and 
dependant on the presence of a trace of an alcoholic 
extract of yeast extract. Ammonium phosphate and 
glucose can be utilized as sole sources of nitrogen and 
carbon, but acid is not produced in detectable quantity. 
Urea is not utilized as a source of nitrogen, and neither 


starch nor glycerol as a source of carbon. Pigment pro- 
duction is poor on synthetic media. 


Biochemical reactions. Carbohydrates are not  fer- 
mented. Ammonia is produced from peptone and _ pro- 
teins. Gelatin and casein are digested. Optimum tem- 
perature about 37 C, optimum salt concentration 27 
per cent, growth occurs down to 15 per cent. 


EXPANDED DESCRIPTIONS OF NEW STRAINS 
Halobacter australis. 


Morphology. By phase contrast in young cultu 
containing 27 per cent salt, the organism consists 
very slender rods with rounded ends and straight 
slightly curved axis. Some strains, (TS2 and NB5) 
definitely motile, others doubtful. The organism is gi 
negative, old cultures being very pleomorphic and sta 
ing poorly. 

Growth on agar. Growth tends to be slow compa 
with other species and colonies rather smaller. ‘| 
colonies are circular, raised, convex with entire ed 
glossy, and easily emulsified. 

Growth in liquid medium. In ordinary broth with 
per cent salt, growth is slow, but after 10 days ther 
usually a moderate turbidity with a slight, easily « 
persed surface pellicle. 


, 


Growth on “synthetic”? medium. Growth is mode: 
but slow, and pigment production poor or absent. 

Biochemical. The organism digests gelatin but 
casein. Acid is not produced from glucose in detect 
quantity. 


Halobacter universalis. 


Morphology. By phase contrast, in young cult 
containing 27 per cent salt, the organism consists 
straight slender rods with rounded ends. Older cultu 
are pleomorphic. Motility has not been observe: 
this species. The cells are uniformly gram negativ: 

Growth on agar. Growth tends to be more rapid t! 
with other species in the genus. The colonies are roug 
circular, raised convex with entire edge, pigme! 
colonies are rather pale red. Nonpigmented vari: 
occur. In consistency, the colonies are extren 
Viscous. 

Growth in liquid medium. In ordinary broth cont 
ing 27 per cent salt, growth is slight to moderate, 
occasionally absent. 

Growth on ‘synthetic’? medium. Growth is usu 
more rapid than with other species and several str: 
(for example, NB4 and UK1) grow well in the abs 
of yeast extract. 

Biochemical. The organism digests gelatin but 
casein. Acid is not produced in detectable qua: 
from glucose, although the carbohydrate can be util 
as a sole source of carbon. 


Halobacter Uoydii. (Named for Dr. Dorothy Jor: 
Lloyd). 


Morphology. In young cultures, straight rods, t 
ing in most strains to be shorter and stouter than ot 
species. Pleomorphism appears particularly rapi 
ageing cultures and distortion of stained cells is \ 
marked. One strain isolated is definite'y motile, (FN 
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other doubtful (H11). The organism is gram 
ye ative. 

‘rowth on agar. Growth is rather slow, the colonies 
ar circular, raised convex, entire edge, glossy, easily 
en usified. Of the two strains isolated, one was lightly 
pi; nented and the other unpigmented. 

iquid media. Growth fails to occur in ordinary broth 
wi 2 27 per cent salt. 

Synthetic” medium. No growth after 5 weeks. 

iochemical. The organism digests gelatin but not 
ca> ‘IN. 


Hu obacter innocens. 


lorphology. In young cultures, the cells consist of 
sle der rods with rounded ends, and straight axis. Mo- 
tii vy has been observed with some strains. Pleomor- 
phism is common in older cultures, and the organism is 
un ormly gram negative. 

(-rowth on agar. Growth is slow, the colonies are circu- 
lar glossy, rather low convex, some strains showing a 
tendency to spread. Pigmentation is variable, and one 
vio'et strain has been tentatively included in the spe- 
cies. The growth is easily emulsified. 

iquid medium. Growth is very slight to absent, ex- 
cept for one strain, (JB1) which grew well after some 
mouths on laboratory media, although growth was 
slight when freshly isolated. 

(rrowth on “synthetic” medium, All strains grew fairly 
freely on this medium, although pigmentation was ab- 
sent (H12, NB8 and NB6) to very slight (JB1). 


] 


Biochemical. Neither gelatin nor casein is digested. 


Halobacter lochhead. (Named for A. G. Lochhead). 


Morphology. In young cultures, slender rods with 
rounded ends and sometimes a few coccoid forms. 
Motility is doubtful. Pleomorphism occurs in older cul- 
tures. The cells are gram negative. 

Growth on agar. Growth of most strains is slightly 
more rapid than other species except H. universalis. 
The colonies are roughly circular, raised convex with 


entire edge, rich red to colorless. The growth is easily 
emulsified. 


L quid medium. Growth is very slight to absent when 
iresily isolated, but improves after a few generations 
on iboratory media. 

( owth on “synthetic”? medium. Growth failed to oc- 
cur turing 5 weeks incubation. 

fF ochemical. Both gelatin and casein are digested, 


but in the case of casein at least, digestion is slow and 
slight. 
Note 


Harrison and Kennedy and Lochhead (loc. cit.) re- 
port motility by polar flagella in //. salinaria and H. 
cutirubrum, respectively. The writer has been unable 
to stain successfully for flagella, even using strains ob- 
served to be motile in smears. 

In the foregoing work, motility has been diagnosed 
by direct observation of cells in a warm saline suspen- 
sion by means of the phase contrast microscope. Under 
these circumstances, more strains may be motile than 
those definitely reported as being so. 
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Investigations of the factors influencing yeast autoly- 
sis began with Salkowski’s accidental observation that 
sugar accumulated in the supernatant solution of a 
mixture of compressed baker’s yeast with six times its 
weight of chloroform water solution after storage for a 
month (Salkowski, 1889). Subsequently, Salkowski 
(1908) also reported the presence of amino acid in the 
autolysate, and investigated the possible precursors of 
sugar liberated (Salkowski, 1921). 

Following these early observations, various phases of 
yeast autolysis were investigated and a considerable 
literature in this field has accumulated, although in 
widely scattered publications. The liquefaction, loss in 
leavening power, and deterioration of baker’s yeast has 
been of great significance industrially. A number of 
investigations of the autolytic changes occurring in 
baker’s yeast have been made. Equally important, in- 
dustrially, have been the changes, as a result of autoly- 
sis, occurring in the pitching yeast used in breweries. 
The control of autolytic changes in yeast in the com- 
pressed yeast and brewing industry, as well as the uti- 
lization of autolysis in the production of yeast nutrients 
and certain types of wine, particularly the flor sherry 
wines, has stimulated interest in the general field of 
yeast autolysis. 

Although the general nature of yeast autolysis has 
been established, our knowledge of the mechanism of 
autolysis, of the chemical changes involved, and of the 
structural changes occurring in the yeast cell is still 
incomplete. The early investigations were carried out 
largely with poorly described strains of Saccharomyces 
cerevisiae Whose conditions of growth, stage of growth, 
and previous storage were largely unknown. Bacterial 
contamination, poor control of the degree of acidity 
(pH) and temperature as well as other environmental 
conditions were common. The effects of type of yeast 
and conditions of growth on the rate and course of au- 
tolysis were largely not determined. The early methods 
of analysis, also, were of questionable accuracy. Recent 
investigations in this field have been scarce. 

' Presented at the symposium of the Society for Industrial 
Microbiology in collaboration with A.A.A.S. at Saint Louis, 
Missouri, December 26-31, 1952. 

* Based on data presented in Ph.D. Thesis in Agricultural 
Chemistry of one of the authors (Donald C. Vosti), University 
of California, Berkeley, California, June 1952. 

5 Present address: American Can Company, San Francisco, 
California. 


The autolysis of yeast is characterized in general 
a latent period during which the yeast cells unde 
an active autofermentation, particularly noticeabl 
glycogen-rich yeast. When the glucose formed f) 
glycogen is exhausted, irreversible changes occur in 
cytoplasm leading first to rapid staining and the: 
characteristic granulation, and then proteolysis occ 
leading to the accumulation of polypeptides and an 
acids. Nucleic acids as well as carbohydrates are 
volved in the early stages of autolysis. 

Stacey and Webb (1948) proposed that in the aut: 
sis of gram positive bacteria a change in gram s\ 
precedes lysis in which the relatively labile bond h: 
ing ribonucleic acid to a specific polysaccharide is {ir 
broken followed by hydrolysis of ribonucleic acid | 
ribonuclease. Henry and Stacey (1948) offered evideiice 
for the existence of a gram complex between the 
wall and the cytoplasmic membrane in Saccharom 
cerevisiae. Lamanna and Mallette (1950) reported thi: 
yeast cells are gram positive because of the presenc: 
ribonucleate but did not find that the removal of 
cleic acid necessarily resulted in loss of gram stain 
also Webb, 1950, and Bartholomew and Mitt) 
1952). 

The influence of antiseptics on the autolysis of yea 
was investigated by Navassart (1911), and more 
cently by Haehn and Leopold (1934a), and Mal 
(1950). The effect of pH was investigated by Navas 


(1910), Schryver, Thomas and Paine (1927) and pur- 


ticularly by Drews (1936). The production of org: 
acids, amino acids and carbohydrates during yeast 
tolysis was reported on by Salkowski (1889), Neu! 
and Kerb (1912), Neuberg (1913), Iwanoff (19 
Meisenheimer (1921), and Haehn and Leopold (19 
In recent years, the determination of vitamins liber: 
in yeast autolysate was investigated by several, 
ticularly Trufanov and Kirsanova (1939, 1940) 
Farrer (1946). Proteolytic enzymes in yeast wert 
vestigated by Hahn (1898), Geret and Hahn (18 
Cohnheim (1901), Vines (1901, 1902, 1904, 1% 
Dernby (1917, 1918a, b), and more recently and 
tensively by Hecht and Civin (1936), Willstatter 
Grassman (1926), Grassman (1927), Johnson and | 
ger (1940) and Johnson (1941, 1948). 

In the older investigations it was indicated that « 
plete liquefaction including lysis of the cell walls oc: 
during yeast autolysis. The rigidity of the yeast 
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well, particularly resistance to bursting during freezing 
+s demonstrated by Goetz and Goetz (1938) for Sac- 
romyces cerevisiae. It was reported also by Strain 

39) who noted that completely autolyzed cells re- 

ied their normal shape and that it was difficult to 

erentiate autolyzed from living cells by microscopic 

ervation. The rigidity of the yeast cell wall and its 
+ stance to lysis was noted also in investigations of 
h« microchemistry and electron microscopy of the cell 
val at Delft, by Houwink and Kreger (1953). 

‘he effect of the following on the autolysis of suspen- 
ious of freshly grown commercial baker’s yeast was in- 
vestigated: density, pH, type and concentration of 
buffer, toluene, temperature, and various activators 
and inhibitors. The rate of liberation of total soluble 
nitrogenous constituents, trichloracetic acid-soluble 
constituents, free amino acids, ammonia and inorganic 
phosphate as influenced by the above factors was 


studied. 


MATERIALS AND METHODS 


lreshly pressed baker’s yeast, grown under highly 
aerobic conditions on a molasses mineral salts medium 
was used for all investigations. This was obtained daily 
as needed.* One pound of the fresh yeast was added to 
|.2 liter of heat-sterilized 0.5 m buffer in a 2-liter cotton- 
stoppered flask and thoroughly mixed by swirling to 
obtain a uniform slurry. Fifty ml of the suspension were 
then transferred by sterile pipette into each of 26 to 30 
}-oz cotton-stoppered bottles containing 50 ml of sterile 
buffer. This procedure resulted in a yeast suspension 
of about 10° cells per ml containing about 3 mg of total 
organi¢e nitrogen per ml. This suspension is of the same 
order of magnitude as that used by Drews (1936). Pre- 
liminary observations indicated that autolysis in more 
dilute suspensions, 10° cells per ml or less, was irregular 
and difficult to reproduce. The yeast suspension was 
allowed to autolyze for varying lengths of time up to 
72 hours at 53 C + 1 C. The cell density (expressed as 
mg of nitrogen per ml) was determined on each bottle 
before incubation by withdrawing a 10-ml. sample with 
a sterile pipette. Two or more bottles of yeast suspen- 
sion Were removed initially and at various time inter- 
vals for analysis and observation. 

The pH of the entire suspension before and after au- 
tolysis and of the cell-free supernatant fluid was meas- 
ure’ with glass electrodes with a Beckman electric line 
operated pH meter standardized against a saturated 
solution of pure potassium acid tartrate. 

The total organic nitrogen content was determined 
micro Kjeldah! procedure on a sample of not over 
containing 0.2 to 2.5 mg of nitrogen after digestion 
sulfuric acid-copper sulfate-sodium selenate mix- 
This is expressed as total N in mg per ml. 

‘he yeast was generously supplied by the Consumer’s 
Company of Oakland, California. 
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The heat coagulable nitrogen was determined by 
heating 8 ml of the autolysate in a 10-ml thin-walled 
test tube for 2 minutes in a boiling water bath, cooling, 
centrifuging, and determining the nitrogen content of 
the clear centrifugate. The total soluble nitrogen con- 
tent, total N, minus the heat noncoagulable nitrogen, 
HNC-N, is the heat coagulable nitrogen. Due to evapo- 
ration of part of the aliquot during the heating process, 
the HNC-N was sometimes even higher than the total 
N, so that trichloracetic insoluble nitrogen content was 
determined as a rule. 

The trichloracetic acid-insoluble nitrogen content 
was determined by diluting one volume of autolysate 
with four volumes of 10 per cent trichloracetic acid, 
and analyzing for nitrogen before and after centrifug- 
ing. The former value was used for total N of the au- 
tolysate, the latter value was a measure of the T.C.A. 
soluble nitrogen (that is, organic nitrogenous constitu- 
ents soluble in 8 per cent trichloracetic acid). The dif- 
ference between these, the T.C.A. insoluble N, was 
used as a measure of water-soluble proteins. 

The ammonia nitrogen (NH;-N) was determined by 
distilling an aliquot of not over 5 ml made alkaline to 
thymol blue with saturated borax solution into boric 
acid solution in a Kirk micro-Kjeldahl still. 

The phosphate content was determined on an aliquot 
of the autolysate containing 0.1 to 1.0 mg phosphate 
by a modification of the method of Sumner (1944). Pre- 
liminary experiments with yeast autolysate indicated 
that a considerable quantity of phosphate was present 
as a bound compound undetected by this method. The 
total phosphate liberated was determined by digesting 
10 ml or less of the autolysate, containing not over | mg 
of phosphate, with 0.7 ml of 70 per cent perchloric acid 
until the mixture was completely decolorized. The di- 
gest after cooling was treated as in Sumner’s procedure. 
The intensity of the molybdate-blue color produced by 
reduction with ferrous sulfate was measured in a Klett- 
Summerson photometer using a red (660) filter. 

The nucleic acid released during autolysis was deter- 
mined by analyzing the cells centrifuged from a 5-ml 
aliquot of the autolyzed suspension by the method of 
Di Carlo et al. (1949). The optical density of the final 
hydrolysate at 260 my was measured in a Beckman 
Model DU spectrophotometer using a standard pre- 
pared from Eastman Kodak nucleic acid according to 
Di Carlo and Schultz (1948). 

The tyrosine content of the undiluted autolysate was 
determined by the method of Lugg (1937) as modified 
by Doty (1941). 

Attempts to use the formal titration method of 
Northrop (1926) for the determination of amino acid 
nitrogen (NH»-N) were unsuccessful because of the 
presence of buffers. The amino acid nitrogen content 
was determined by a modification of the colorimetric 
naphthaquinone method of Frame ef al. (1943). The 
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color was developed as in the method of Frame ef al. 
(1943) but because it was not stable, the per cent trans- 
mission at 480 my in a Coleman spectrophotometer 
was measured 45 minutes after the color developed. It 
was found that transmission increased quite rapidly in 
the period of 20 to 40 minutes and then only gradually 
during 40 to 60 minutes, taking the time at addition of 
acid as zero. On further standing it began to increase 
again, owing to continued fading, and turbidity de- 
veloped. A control containing an amount of buffer 
equivalent to that in the aliquot taken for analysis was 
used in adjusting the photometer. Glutamic acid was 
used as the standard for comparison. 

Periodically during the incubation period, samples 
were withdrawn for microscopic examination. The 2-ml 
aliquots were centrifuged and the sediment examined 
using the differential staining method of Mills (1941) 
to determine the percentage of living cells and the 
method of Shimwell (1938) for the detection of asco- 
spores. 

RESULTS 

Effect of type of buffer. Previous investigators (Drews, 
1936, Haehn and Leopold, 1934, 1937, Schmitt and 
Gomez Daza, 1944) noted the production of acid and 
consequent decrease in pH during autolysis in some 
cases, and increase in pH value in others. The acid shift 
in pH occurred at higher initial pH’s, and the alkaline 
shift occurred in more acid regions. The acid shift was 
more pronounced in glycogen-rich than in glycogen- 
poor cells and the alkaline shift was more pronounced 


in old or protein-rich cells. To reduce this effect, autoly- 


sis of fresh baker’s yeast was carried out in sterile, non- 
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Fig. 1. Autolysis of baker’s veast in 0.5 mM citrate at pH 5 
and 538 + 1C. 





nutrient 0.5 mM phosphate, citrate and arsenate buff 
at pH 5.0 and 53 C. Duplicate lots were removed 
intervals of 0, 2, 4, 8, 12, 48 and 72 hours and analy; 
for total organic nitrogen content before centrifug 
and for pH, amino nitrogen, soluble nitrogen, and } 
noncoagulable nitrogen after separation of the « 
The total nitrogen content varied from 2.97 to 3.18 
per ml in the phosphate buffers, 3.28 to 3.45 in 
citrate buffers, and 2.67 to 3.15 in the arsenate bufi 
The pH varied from 4.18 to 5.78 in the phosphate | 
fers, 4.97 to 5.18 in the citrate buffers, and 4.68 to ; 
in the arsenate buffers. 

In all three buffers, there was a sharp initial dro) 
pH up to 4 hours. The pH then sharply increased u 
12 hours, and then very slowly decreased from 12 t: 
hours. In all cases, the final pH after 72 hours 
greater (more alkaline) than when the autolysis be; 

It was quite striking (especially in phosphate) 1 
relatively large changes in pH occurred during the 
12 hours of autolysis, for during this time the auto 
Was just beginning. From 12 to 72 hours, when the | 
of the products of autolysis was formed, there \ 
comparatively small change in pH. During the firs 
hours of autolysis, changes took place in the cell 
or membrane to allow the products of autolysis to 
fuse into the surrounding liquid, and this, rather 4 
the products themselves, may be the cause of such | 
fluctuations in pH. 

The rate of change in soluble nitrogen and in ai 
acid nitrogen content, expressed as per cent of the | 
nitrogen present in the suspension, is shown for 
citrate buffer in figure 1. The soluble and the «a 
nitrogen content increased slowly during the first 


tial period of about 4 hours, then quite rapidly durin 


the next 20 hours and more slowly thereafter. 
soluble nitrogen content, however, increased more 
idly than did the amino acid nitrogen content. Aut 
sis in the phosphate buffer (figure 2) was similar to | 


in the citrate buffer but in the arsenate buffer (figure : 


the increases in both the amino N and the solub 
were more rapid after an initial lag period. Th 
cent of total nitrogen converted to soluble nitrog: 
the citrate, phosphate, and arsenate buffers, re 
tively, after 12 hours in duplicate samples were: 

16.2; 15.8, 15.6; 9.4, 14.7. For amino N after 12 h 
the conversion percentages were: 7.46, 9.08; 10.3, 

7.0, 10.3. After 72 hours the conversion percent 
for amino N in the three buffers were, respect! 
26.2, 26.8; 27.3, 34.3; 45.7 and 52.7. After 72 how 
conversion percentages for soluble N were: 50.7, 

14.4, 50.8; 65.8 and 70.4. Autolysis in the arsenate 
fer was about 50 per cent greater than in the phos} 
or citrate buffer after 72 hours. In the arsenate bi 
about 50 per cent of the cell nitrogen was conv: 
into amino acids, whereas, in the phosphate and ci‘ 
buffers, the conversion was less than 30 per cent. 


PERCENT 


PERCENT 





AUTOLYSIS OF BAKER’S YEAST 





80 





PERCENT 


iitrogen 
itrogen 


PER CENT 


© Amino Acid N 
Total N 


Amino Acid Nitroger 








l N n ! 1 
30 = 40 50 60 TO 


TIME (HOURS) 


G. 2. Autolysis of baker’s yeast in 0.5 m phosphate at pH 
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Kia. 4. Autolvsis of baker’s veast at 55-56 C in 0.1 mM and 
0.5 mM citrate and different pH’s. 





per cent greater in 0.1 M citrate than in 0.5 M citrate, 
while phosphate was about 50 per cent greater. At the 
highest pH (4.22 to 4.23) investigated, the above sub- 
stances were not affected by the citrate concentration. 

The ratio of amino acid nitrogen to total soluble ni- 
trogen Was found not to depend on buffer concentration 
at each pH, indicating that the action of peptidases 
Was not affected by citrate concentration. In other 


PERCENT 


words, no matter how little or how much nitrogen was 
elaborated into the liquid surrounding the cells, the 
relative amount of amino acids found did not vary. 
This suggested that the depressing effect of 0.5 mM cit- 
rate at lower pH’s may be due to suppression of diffu- 
sion of products from within the cells to the surround- 
ing media by the higher citrate concentrations, or to the 
a ae inability of 0.1 mM citrate to hold the pH down to the 
30 840 20 same level which 0.5 M citrate maintained. 
TIME (HOURS) Effect of cell density. The possibility that there may 
i. 3. Autolvsis of baker’s veast in 0.5 M arsenate at pH 5 be a relation between the density of cell suspensions 
bac 10. and degree of autolysis was investigated. Five different 
suspensions of various cell densities (0.82 to 7.5 mg 
ect of buffer concentration. Baker’s yeast was auto- total nitrogen per cc) in citrate buffer (0.1 mM at pH 
for 3 days at 55 to 56 C in 0.1 and 0.5 M citrate 1.92) were stored for 72 hours at 53 to 54 .C. 
ted to different pH’s within the pH range of 3.1 Analysis of the autolysate showed an alkaline shift 
’ (figure 4). At the lowest pH investigated (3.13 in pH which increased with cell concentration as much 
7), the amounts of amino acid nitrogen and total as O40 units. Cell density appeared to have no effect 
e nitrogen found in the autolysate were about 100 on the degree of autolysis. The products of autolysis 
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TaBie 1. Effect of cell density on autolysis acids accounted for about 50 per cent of the nitrogen 
PER CENT the autolysate. The amount of protein nitrogen prese 
oe Sound POs was even less than the amount of ammonia nitrogen. 
IntosolubleN Amino N as | Effect of pH. Suspensions of yeast in sterile 0.5 
mg/ml | citrate buffered at pH’s 3.05, 4.03, 5.01, 6.02, and 6.‘ 
.828 5 38. 17.6 26.7 respectively, were allowed to autolyze for 24 hours 
ll 5.08 | 36 17.4 29 2 53 C. The observed effect of pH on the nitrogen: 
products of autolysis is shown in figure 5. The data 
dicate that pH had a marked influence not only on t 
degree of autolysis but also on the nature of the pri 
ucts formed. The optimum pH for autolysis un 
these conditions, with respect to the amount of to 
nitrogen and amino acid nitrogen released from ce 
was about pH 4.0. There was an alkaline shift in | 
Amino Acid Nitrogen 7% (after, as compared with before, autolysis) from pl 
Soluble Nitrogen 4 to 6; however, the samples initially at pH 6.74 shifi 
slightly towards the acid side after autolysis. This \ 
previously observed by Drews (1936). It was also noi 
that the pH’s of the suspensions were higher than th 
of the supernatant liquids obtained by centrifuging | 
suspensions; thus it is important to be consistent in | 
method of determining pH. Jenny et al. (1950) h 
pointed out the difficulties involved in measuring pH 
colloidal solutions. 
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The proportion of the total soluble nitrogen in 
tolysate as amino acid nitrogen increased from al) 
10 per cent at pH 3 to 65 per cent at pH 7. Altho 
the optimum pH for the formation of amino acid nit 
gen was near 4.0, it is apparent that the enzymes (p 
tidases) producing these acids acted on the degradat 
products of the yeast protein, rather than the prot 
itself. In other words, the previous action of other 
zymes (proteinases) on the yeast protein allowed 
subsequent peptidase activity on the products of | 
tein degradation. 
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Effect of toluene. Since earlier work regarding 
effect of antiseptics on yeast autolysis had been cari 
out in unbuffered solutions, it was of interest to det 
" | | mine the effect that toluene has on the autolysis 

3.0 4.0 5.0 6.0 7.0 baker’s yeast in solutions buffered near the optim 
pH pH for autolysis. Haehn and Leopold (1935) previou 

Fic. 5. Autolysis of baker’s yeast in 0.5 M citrate at differ- observed that 5 tad cent toluene had only a very sli 
ent pH’s after 24 hours at 53 C. effect on autolysis, as compared with the normal a 

septic-free autolysis. 
were liberated in quantities proportional to the initial Parallel experiments (with and without 1 per « 
cell concentration (table 1). By diluting portions of the toluene) were conducted in 0.1 m citrate at pH val 
total suspensions after autolysis to a common cell den- of 3.46, 4.04, 4.50 and 4.98. Analyses were made ai 
sity (0.820 mg total nitrogen per ml), analyzing the 3.5, 4.0, 4.5 and 5.0 hours of autolysis. It was for 
autolysate, and then correcting for dilution, it was pos- that toluene had no effect on the final pH after aut: 
sible to show that cell concentration had no effect on 











sis or on the degree of autolysis as measured by rele: 
the degree of autolysis. This dilution to a common cell of total nitrogen or phosphate from the cells. The p 
density prior to analysis eliminated the possible inter- tion of the total nitrogen in the autolysate that \ 
ference of cell concentration in expressing the results. amino acid nitrogen was about 10 per cent less in t 

The amount of ammonia nitrogen that was formed samples autolyzed in the presence of toluene, indicat! 
during autolysis under these conditions was quite low a slightly inhibitory: effect of toluene on peptida 
(only about | per cent of the total cell nitrogen). Amino activity. 
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Effect of temperature. To obtain data on the effect of 
t-mperature on the rate of autolysis at several pH 
vy ilues, samples of yeast were autolyzed for 72 hours at 
t-mperatures of 34 to 36 C, 45 to 46 C and 54 to 55 C 
i) 0.5 M citrate at pH’s of 4.12, 4.40 and 4.64. The final 
pd, total soluble nitrogen, amino acid nitrogen, and 
total phosphate content of the cell-free centrifugate 
\ re determined. Figure 6 shows the per cent of soluble 

rogen found at various pH values and incubation 

nperatures. Autolysis was almost completely absent 

35 C. The percentage of conversion of total N at this 

nperature at all pH values into soluble N was about 

per cent, into amino N about 2.5 per cent and the 
«nversion of total phosphate into soluble phosphate 

s 4 per cent at pH 4.1, 2.5 per cent at pH 4.4, and 

} per cent at pH 4.64. The optimum temperature for 

tolysis was 45 C as measured by the amount of nitro- 

1, phosphate, and amino N found in the autolysate. 

‘he optimum pH for autolysis both at 45 and 55 C 
s 4.4 with respect to nitrogenous materials liberated. 
pH higher than 4.64 appeared to be optimum for the 
ease of phosphates. At the higher temperatures more 
the original phosphate was liberated than of the 
riginal nitrogen. At 45 C and pH 4.4, over 75 per cent 
{ the total nitrogen was present in the autolysate as 

uble nitrogen, and about 30 per cent of the total N 

s present as amino N. Under the same conditions 
about 85 per cent of the initial phosphate content was 
present as soluble phosphates. 

Effect of viability. To determine the relation of cell 
viability to autolysis, yeast suspended in sterile 0.5 m 
citrate at pH 4.38 was incubated for 24 hours at 34 C 
and 45 C and for 48 hours at 34 and 45 C. At the con- 
clusion of the specified period of storage, the number 
of viable cells was determined by methylene blue stain- 
ing and by the pour plate method. The autolysate was 
analyzed for soluble nitrogen and phosphate. The effect 
of temperature on autolysis was found to be more than 
merely killing the cells. The samples stored at 34 C 
contained only 8 per cent viable cells after 24 hours; 
however, only 3.2 per cent of the total cell nitrogen and 
1.3 per cent of the total cell phosphate appeared in the 
aulolysate. Those stored at 45 C contained no viable 
cells after 24 hours, while 41 per cent of the total cell 
nitrogen and 76 per cent of the total cell phosphate ap- 
peared in the autolysate. The same general relation 
hel for the samples incubated for 48 hours. In other 
words, storage conditions that killed yeast cells did not 
ne essarily produce autolysis, while conditions neces- 
saly to cause extensive autolysis were so severe that 
noe of the cells were viable after 24 hours. 

fimulation of autolysis. Since it was shown that a 
24-,0ur storage at 34 C killed over 90 per cent of the 
cel s without producing any appreciable amount of au- 
to! sis, it was thought possible to stimulate these dead 
cel s into autolyzing at the lower temperature. 
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Fic.6. Autolysis of baker’s veast in0.5 u citrate at different 
pH’s and temperatures. 








Attempts to stimulate autolysis at 34 C by means of 
added chemicals or pretreatment of the cells met with 
some success. A suspension incubated in 0.01 m dinitro- 
phenol at 34 C exhibited nine times greater autolysis 
than the control (34 C and no dinitrophenol) and over 
half that of a sample autolyzed at 45 C. Since it had 
been previously established that these conditions of 
temperature (34 C), time (24 hours), and pH (about 
1.4), killed the cells but did not activate the autolytic 
enzymes, it follows that the effect of DNP was to stimu- 


late these enzymes and thus increase the degree of au- 
tolysis. Sodium fluoride and potassium cyanide ex- 
hibited only a slight activating influence at the lower 
temperature. 


Of the other methods used, pretreatment with a 2 
per cent Tide (a Proctor and Gamble detergent) solu- 
tion was more effective at 60 C than when used at room 
temperature and also more effective than an initial 
washing in water at 60 C. The locus of action for Tide 
was probably the cell wall. Sodium cholate (a deter- 
gent) has been shown to remove the gram complex from 
cells (Stacey and Webb, 1948). Tide probably acts by 
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Kia. 7. Release of nucleic acid, phosphate, and nitrogen 
during the autolysis of baker’s yeast. 
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removing ribonucleic acid and better preparing the 
yeast cells for autolysis. 
At 45 C it was found that 10 mM sodium azide pro- 


duced a 41 per cent increase in the degree of autolysis, 


as compared with the control. Dinitrophenol increased 
autolysis about 17.5 per cent, while sodium arsenate 
showed only a 1.7 per cent increase over the control. 
At 33 C DNP had the greatest influence, followed by 
azide and then arsenate. 

Release of nucleic acid during autolysis. Nucleic acids 
are closely associated with the living processes of yeast 
and their content in yeast roughly parallels the cell’s 
synthetic activity. Nucleic acid release during autoly- 
sis Was Investigated and found to parallel roughly the 
release of phosphate (figure 7). The nitrogenous mate- 
rials in the cell were released at a much slower rate than 
both the phosphate and nucleic acid. 

The yeasts in the different samples were tested for 
their gram-staining ability. One hundred per cent of 
the cells in samples stored for 0, 4 and 10 hours were 


gram positive. With the latter two samples, it was quit 
difficult to get reproducible results since the cells we: 
not uniformly gram positive or gram negative. The la: 
of uniformity was especially noted in the sample a 
tolyzed for 48 hours; some gram-negative cells we 
observed to have gram-positive areas within them. T} 
staining results indicated that changes in the nuck 
acid content were occurring, but not to the exte) 
borne out by chemical analysis (82 per cent of the n 
cleic acid lost from the cell after 22 hours). 
DISCUSSION 

Yeast cells suspended in a nutrient-deficient bufi 
and incubated at temperatures of about 50 C die a 
undergo autolysis. During autolysis a yellowish hue « 
pears in the solution surrounding the cells. As autoly: 
proceeds, the intensity of the color increases and aft 
72 hours the solution becomes golden yellow in col 
Microscopic examination shows granulation and oc 
sionally globule formation in the cytoplasm. Occasio 
ally budding and spore formation is observed. Und 
no conditions is lysis of the cell wall observed. No c 
wall fragments were observed even when baker’s ye: 
was ground with calcium carbonate in the presence oi 
chloroform (180 grams yeast, 11 grams CaCQs, 11 
chloroform) and stored until the mass was complet: 
liquefied. Shihata and Mrak (1951) also failed to « 
serve lysis of cell wall of baker’s yeast during digest 
by Drosophila. During autolysis, partial hydrolysis oi 
the cell proteins occurred in the cytoplasm but both 
heat-coagulable or trichloracetic acid-precipitable p 
teins as well as soluble proteins were released into | 
medium. Since the proteins accumulated at concent 
tions higher than amino acids, it appears that hydro 
sis Into amino acids occurred subsequently. The se} 
ration of the two processes by variation in type 
buffer, pH, temperature, and antiseptic clearly in 
cates the essential difference between them. Whet! 
amino acid formation is exocellular or endocellula 
still not clear but there is some evidence that prot: 
lytic enzymes as well as polypeptides are released 
ing autolysis. 

Nitrogenous compounds are known to be excreted 
the veast cell in the growing phase as well as dur 
autolysis, and this excretion is greater in young activ’ 
growing cells and in nitrogen-rich cells. Nitrogen « 
creted during autolysis is strongly dependent on te 
perature, but not that excreted during growth. It \ 
established early that autolysis of yeast is never co 
plete and that the products of autolysis inhibit 
process. This fact led Iwanoff (1914, 1921) to postul: 
that synthesis of proteins could occur in the later stag 
of autolysis. Protein synthesis may occur but this | 
not been established. It is likely that in the init 
stages the yeast proteins are hydrolyzed to low mole: 
lar weight polypeptides by the action of yeast peps 
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wd trypsin having pH optimum at 1.8 and 7.8, respec- 

ely, according to Hecht and Civin (1936). The veast 
erepsin (a mixture of exopeptidases) then removes the 
ie minal amino acids from these polypeptides. Phos- 
phate liberation occurs more rapidly and more exten- 
sively during autolysis than does protein hydrolysis. 
Nucleic acids accumulate almost as rapidly as phos- 
phates and there is some evidence that change in gram 
st: in also is involved. The actual mechanism of pro- 
te lytic changes occurring during autolysis, however, is 
sti | unknown. 


SUMMARY 


‘he autolysis of fresh compressed baker's yeast was 
nvestigated under starvation conditions in buffered 
solutions which were found to minimize but not com- 
pletely eliminate changes in pH during autolysis. The 
va’ ure, as well as the concentration, of buffer was found 
to nfluence autolysis, especially regarding shifts in pH 
dwing autolysis. Extensive fluctuations in pH could 
noi be attributed to the formation of autolysis products. 
Since the bulk of autolysis occurred after the first 12 
hours, when the pH changes were most pronounced, it 
appeared that changes which took place in the cell wall 
or membrane caused these large pH shifts. Microscopic 
examination of baker’s yeast suspended in 0.1 M citrate 
and phosphate failed to reveal any lysis of the cell wall 
during autolysis. The lack of cytase activity was also 
noted in baker’s yeast which was completely liquefied 
by the action of chloroform. The course of autolysis in 
different buffers at 52 to 54 C appeared to follow a sig- 
moid curve. A latent period was noted during the first 
8 hours; followed by an abrupt release of autolysis 
products during the next 16 hours; little change during 
the following 24 hours and then a slight increase after 
an additional 12 hours. Phosphate and nucleic acids ap- 
peared to be released more rapidly than the cell’s ni- 
trogenous constituents. Although the nucleic acids 
were lost quite readily and extensively during autolysis, 
a corresponding loss in gram staining ability was not 
observed. The proportion of the total nitrogen in the 
wutolysate that was amino acid nitrogen was affected 
by the pH of autolysis, being optimal near neutrality 
due to enhanced peptidase activity. The substrates 
detcrmining the amount of amino acids to be found 
wer the degradation products of the veast protein, 
rather than the protein itself. Cell density had no 
elfe-t on the degree of autolysis. Autolysis in the pres- 
ence of 1 per cent toluene was almost the same as in an 
wit) eptic-free media, although toluene did inhibit pep- 


lida e activity about 10 per cent. The autolysis of 


bak r’s yeast was greatly influenced by temperature 
and the results indicated that death must precede au- 
toly is, although it does not necessarily follow that 


dea’ cells will autolyze. Autolysis was stimulated at 
iow emperatures (about 33 C) in the presence of 0.01 


BAKER'S YEAST 


M DNP and by pretreating the cells at 60 C with a 2 

per cent solution of Tide; however, more dilute solu- 

tions of DNP as well as 0.01 mM solutions of sodium 

azide, sodium arsenate, sodium fluoride, or potassium 

eyanide failed to activate autolysis at this temperature. 
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Most of the previous investigations on yeast autoly- 
s were carried out with poorly described strains of 
wcharomyces cerevisiae whose conditions of growth, 
age of growth, and previous storage were largely un- 
nown. The investigations reported in this paper were 
ried out with pure cultures of Saccharomyces carls- 
rgensis, Candida lipolytica, and a Spanish sherry flor 
ast tentatively identified as a Torulopsis species. 


MATERIALS AND METHODS 


Candida lipolytica (Strain 49-49 in the yeast collec- 
m of the Department of Food Technology), Spanish 
ierry flor yeast Jerez no. 5 of Hohl and Cruess (1939), 
10. 156 in our collection), and Saccharomyces carls- 
rgensts (no. 421 in our collection) were used as cul- 
tures. The first was selected as typical of the strongly 
erobic yeasts, the second because it is both aerobic 
and anaerobic, and the third because it is typical of the 
more anaerobic bottom fermenting brewery yeasts. The 
autolysis of a commercial strain of baker’s yeast was 
ivestigated previously (Vosti and Joslyn, 1954). 
The yeast cultures were propagated in a medium 
ontaining 5 per cent glucose, 10 per cent yeast autoly- 
ate and 1 per cent Difco yeast extract in tap water. 
me hundred ml of this medium were sterilized for 15 
minutes at 15 p.s.i. in each of two 500-ml flasks and 
0 ml in each of two 3-liter flasks. After cooling, the 
two smaller flasks were inoculated and placed on a 
haking machine at 30 C for 24 hours, and then used 
starters for the larger flasks. The latter were shaken 
r an additional 48 hours. The cells were separated 
m the growth medium by centrifuging, resuspending 
sterile distilled water and again centrifuging. This 
Washing was repeated three times. From Candida lipo- 
lytica, 44.6 grams of pure wet yeast was obtained and 
this was resuspended in 160 ml of sterile water. Little 
or no pseudomycelium was noted in this culture. 
Twenty-five ml of this suspension was pipetted into 
each of six 25-ml samples of sterile 1-m citrate buffer 
Presented at the 53rd General Meeting of the Society of 
erican Bacteriologists at San Francisco, California, August 
l $, 1953. 
Based on Ph.D. Thesis submitted by D. C. Vosti to Gradu- 
Division, University of California, Berkely, California, 
Jie 1952. 
Present address: American Can Company, San Francisco, 
fornia. 
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adjusted to pH 2, 3, 4, 5, 6, and 7 in 4-0z cotton-stop- 
pered bottles. Twenty-five ml were pipetted also into 
25 ml of sterile distilled water. The seven samples were 
mixed and 10 ml were removed for determination of 
initial pH, total cell nitrogen, and total cell phosphate 
as described previously (Vosti and Joslyn, 1954). The 
samples were then incubated at 45 C for 24 hours. After 
this period of autolysis, the bottles were cooled, made 
up to original weight with distilled water, centrifuged, 
and the autolysate analyzed for pH, total nitrogen, 8 
per cent trichloracetic acid-soluble nitrogen, and total 
phosphate by the methods described by Vosti and Jos- 
lyn (1954). The original culture and autolysate were 
examined for contamination. None was found. 

The Jerez no. 5 culture was grown as above and 
yielded 50.7 grams of wet yeast. It was also autolyzed 
in 0.5 M citrate buffer at various pH values for 24 hours 
at 45 C. 

Saccharomyces carlsbergensis was grown in aerated 
culture as above, 60 grams of wet yeast being obtained. 
It was grown also under semi-anaerobic, unaerated con- 
ditions. One liter of the growth medium in each of four 
2-liter flasks inoculated with a 24-hour culture grown 
at room temperature was incubated at room tempera- 
ture (ca 20 C) for 48 hours. This yielded a total crop of 
37 grams wet yeast. The yeast from aerated and un- 
aerated media was allowed to autolyze at various pH 
values at 45 C for 24 hours. In addition, the rate of 
autolysis of the culture grown under aeration by shak- 
ing was determined at intervals during 24 hours at a 
pH of 4.8 (near the optimum) and at pH 7.0 in 0.5 m 
citrate buffer. The effect of pH and temperature during 
growth of Saccharomyces carlsbergensis was studied also. 
Growth media at pH 3.0, 4.55 and 6.0 were prepared 
by adding varying amounts of 1 N HCl and the same 
amount of 0.2 m mixed citrate and phosphate buffer so 
that they varied only in the amount of HCl added to 
attain the desired pH. Ninety-five ml of the medium at 
each of the three pH values after inoculation were in- 
cubated in 250-ml flasks at each of the following tem- 
peratures, 26, 31 and 36 C for 24 hours. These were 
then added as starters to 900-ml aliquots in 2-liter 
flasks and incubated for an additional 48 hours without 
shaking. Sufficient growth for autolysis, determined by 
direct microscopic count in a Levy counting chamber, 
was obtained in only four of the flasks, and the washed 





DONALD C. VOSTI AND M. A. JOSLYN 





Soluble Phosphate 


PER CENT 


Soluble Nitrogen 
Total Nitrogen 


Amino Acid Nitrogen 


Protein Nitrogen 
Total Nitrogen— 
} 1 
2,0 3.0 4.0 } 6.0 7.0 
pH 











Fig. 1. Autolysis of Candida lipolytica (grown with aera- 
tion) at different pH’s. 


cells from these were autolyzed in 17-ml portions in 
test tubes immersed in an oil bath for 24 hours at 47 C. 
The cultures used were those grown at 26 and 31 C at 
pH 3 and 4.55. 


Resutrs AND Discussion 

Autolysis of aerated cultures. The results obtained 
with Candida lipolytica suspensions containing 2.16 to 
2.23 mg of total nitrogen per ml of suspension and 1.41 
to 1.45 mg of total phosphate per ml at initial pH values 
of 1.82, 3.03, 4.00, 4.94, 5.83, and 6.97 are shown in 
figure 1. Samples initially at pH of 5.83 and less in- 
creased in pH during autolysis; the increase being 0.18, 
0.10, 0.03, 0.04 and 0.37 units, respectively. The sample 
at pH 6.97 decreased by 0.03 units. The ratio of autoly- 
sate phosphate to total phosphate was higher at each 
pH than that of autolysate nitrogen to total nitrogen, 
indicating that, as previously found for baker’s yeast, 
phosphate compounds in the cell were more prone to 
autolysis than the nitrogenous compounds. The opti- 
mum pH for the accumulation of soluble nitrogen was 
1.00; that for phosphate was 4.94. At optimum pH 
values, 61.3 per cent of the total nitrogen and 90.1 per 
cent of the total phosphate was present in solution. 
The optimum pH for the accumulation of amino nitro- 
gen was 4.94, at which 18.8 per cent of the total nitro- 
gen occurred as amino nitrogen; this was only 34 per 
cent of the total soluble nitrogen present. The amino 


nitrogen content relative to total nitrogen present wa 
at a maximum at pH 4.94, but the amino nitrogen con 
tent relative to soluble nitrogen present in the autoly 
sate Was at a minimum at pH 4.0. Protein nitroge: 
measured as the difference between total soluble mitre 
gen and trichloracetic-soluble nitrogen was found to } 
at a minimum in the pH range of 4 to 5. The protei 
nitrogen liberated amounted to 8.2 per cent of the tot: 
nitrogen present at pH 1.82, 0.9 per cent in the p! 
range of 4 to 5, and was at a maximum again of 4.3 p 
cent at pH 5.83. The minima in accumulation of pri 
tein nitrogen corresponded with the accepted regioi 
of maximum activity of yeast pepsin and trypsin. 
The results obtained with Jerez no. 5 yeast suspe: 
sions containing 2.11 to 2.16 mg of total nitrogen p 
ml and 1.67 to 1.83 mg of total phosphate per ml : 
initial pH values of 1.82, 3.03, 4.00, 4.93, 5.75, 6.05 
7.00, and 7.56 are shown in figure 2. These suspensio: 
also exhibited an alkaline shift in pH values duri 
autolysis which occurred in samples at pH 4.93 ai 
below and an acid shift at pH 5.75 and above. The o; 
timum pH value for autolysis was 3.98 as determin: 
by the total nitrogen, amino nitrogen, and phospha 
in the autolysate. The products of autolysis dropped 
sharply at pH 4.93 and then gradually increased. ‘T) 
protein nitrogen again was at a minimum at pH 4 t 
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Fig. 2. Autolysis of Jerez no. 5 (grown with aeration 
different pH’s. 
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| showed a slight maximum at 6.08. At the optimum 


value, 3.98, the soluble nitrogen content was 67.3 
cent of the total N, the amino nitrogen was 29.8 
cent of the total and 36.3 per cent of the soluble N, 
the soluble phosphate was 84.4 per cent of the total. 
ratio of amino nitrogen to total soluble nitrogen 
he autolysate Was at a minimum at the optimum pH 
iutolysis and then increased with pH due to in- 
ised peptidase activity. At the time of removal of 
samples from the incubator, only the samples at 
1.0 and below had the yellow color characteristic 
east autolysate and, as the data indicated, these 
ples were autolyzed to the greatest extent. 
he results obtained with Saccharomyces carlsbergen- 
suspensions containing 2.56 to 2.60 mg of total ni- 


ven per ml, and 1.73 to 1.80 mg of total phosphate 


ml at initial pH values of 3.06, 3.58, 4.03, 4.50, 
, 6.14, 7.03, and 7.67 are shown in figure 3. This 
st was particularly susceptible to autolysis as ¢om- 
d with others studied (baker’s yeast, C. lipolytica, 
Jerez no. 5). Upon removal from the incubator, 
supernatant liquid in all samples was strongly yel- 
colored. A slight alkaline shift in pH was noted at 
1.50 and below; and an acid shift at pH 5.01 and 


hove which increased from 0.05 units at pH 5.01 to 
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OAT units at pH 7.67. The optimum initial pH for 
autolysis was 5.01, both with regard to the amount of 
nitrogen and phosphate in the autolysate. At this pH 
Value, 82.9 per cent of the initial nitrogen and 100 per 
cent of the initial phosphate was found in the autoly- 
sate. At all pH) values more phosphate than soluble 
nitrogen was liberated. The protein nitrogen liberated, 
as with other yeasts, Was at a minimum at pH 4 to 5 
and exhibited a maximum at pH 6.14. 

A utolysis of unaerated S. carlshe PQUCUSUS since this cul- 
ture Was so easily autolyzed, it was selected for investi- 
gation of the effects of growing conditions on subse- 
quent autolysis. The vield of veast grown without aera- 
tion was reduced from 60 grams per 1500 ml of growth 
medium to 18.5 grams. When grown aerobically on a 
shaker, both long cells and cells with elongated buds 
were observed; but in unshaken cultures only very 
large round cells were present. The results obtained 
With suspensions of the unaerated cells containing 1.91 
to 1.97 mg of total nitrogen per ml and 1.29 to 1.33 mg 
of total phosphate per ml at initial pT values of 4.14, 
1.67, 5.13, 5.40, 5.78, and 6.37 are shown in figure 4. 
The final pH after autolysis for 24 hours at 45 C was 


decreased at all pH’s except 4.14, the decrease ranging 
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TaBLE 1. Effect of aeration during growth on autolysis of respect to total soluble nitrogen, soluble phosphate ; 

Saccharomyces carlsbergensis tyrosine content was 4.67. This was slightly lower t] 

siamese eiaiadatiain that observed for this yeast when grown anaerobic: 

pipe sola it (5.01). S. carlsbergensis appeared to be more stable 

Tea i ; G ward autolysis when grown without aeration as sh 
Initial nitrogen content, mg per ml : 4 .91-1.97 ‘ oe n lil ‘ 

Initial phosphate content, mg per in table 1. Protein iberation was small and const 
m (31.3 .29-1.33 In the range oO Od ant 1en Increased sughntiy 
| the 1 f4t nd then inet 1 slight] 
Optimum pH 5. 1.67 exhibited no minimum either at the optimal pH 

Soluble nitrogen liberated, per cent 
of total N 82.! 70.4 
Soluble phosphate liberated, per 3 it did ‘ hist 
site alk teatind 00.0 tolysis, it did not increase at higher pH values as fo 


autolysis or in the alkaline region. Although tyro 
content was at a maximum at the optimal pH for 


Protein nitrogen liberation previously for total amino nitrogen. 
Minimum pH 5 Progress of autolysis of aerated S. carlsbergensis 8 
Maximum pH carlsbergensis harvested from 1950 ml of growth med: im 
Protein present at maximum, per 
cent of total N : 
. i 3 : in 2 terile distille rater « D5 , 1 ‘ 
Tyrosine liberation in 200 ml sterile distilled wate and 25 ml of thi 
Optimum pH pension were added to 25-ml portions of 1 M citrat: 
As per cent of total N incubated at 46 C for 24 hours. At intervals of 0, 
As per cent of total soluble N 


was used. The 57.2 grams of wet yeast were suspen od 


PER CENT 


9, 12 and 24 hours duplicate samples were remo 
the cells separated by centrifuging, and the ce|| 
10 — autolysate was analyzed for pH, total nitrogen, | 
trichloracetic acid-soluble nitrogen, total phosp! 








and tyrosine. The total nitrogen content of the sus 
90 sions used was 1.94 to 1.97 mg per ml, and the | 
phosphate content was 1.15 to 1.17 mg per ml. 
80 suspensions were autolyzed at an initial pH of 
which changed to 4.78 to 4.82 during autolysis, an 
an initial pH of 7.00 which decreased to 6.70 afte: 
70 6 hours, and 6.55 after 9 to 24 hours. The result 


Soluble Phosphate tained are shown in figures 5 and 6. 
Total Phosphate 





During the course of autolysis, evolution of ga 
60 curred at 4 hours, apparently due to autoferment 
of yeast glycogen. The liberation of protein was « 
50 low and increased but slightly at the lower pH. I 
region, little or none had been previously detecte: 
the higher pH, where larger amounts of protein 
40 previously been detected, very little was formed d\ 


PER CENT 


the first 12 hours; however, after 24 hours almo 
per cent of the cell nitrogen was found in the s 
natant liquid as protein nitrogen. 

After 24 hours the amount of total phosphat: 
pearing in the autolysate was almost the same in 


30 


cases; however, it initially was released faster fro1 
samples autolyzed at the higher pH. 
As previously noted with this yeast (grown wit 


— shaking), a larger amount of tyrosine was form« 
ota 


y yros ine 
Lota N 








lower pH’s than at those near neutrality. In the » 
I ¥ : : 
10 15 20 25 at pH 4.82, tyrosine was gradually released during 
TIME (HOURS) first 12 hours; however, after the next 12 hours, 1 
Fic. 5. Autolysis of Saccharomyces carlsbergensis (grown was almost a 5-fold increase in the amount for 
with aeration) at pH 4.82. The ratio of tyrosine to total autolysate nitroge! 





5 


each pH) was almost constant, decreasing slightly 
from 0.02 to 0.06 except at the highest pH value where time. 
it amounted to 0.19 units. The alkaline shift at lower The degree of autolysis, as indicated by the coi 


pH values previously observed with aerated cultures sion of cell nitrogen into autolysate nitrogen, is gr 
did not occur. The optimum pH for autolysis with at the lower pH after 24 hours; however, during 
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Total N 


PER CENT 


D 














5 10 15 

TIME (HOURS) 

. 6. Autolysis of Saccharomyces carlsbergensis 
eration) at pH 7.00 


grown 


first 12 hours, when relatively little autolysis occurs, 
the reverse was true and more nitrogen was liberated 
into the supernatant liquid at the higher pH. 


Lifect of pH and temperature of growth on autolysis of 


macrated S. carlsbergensis. S. carlsbergensis grown at 26 
and 31 C at pH 3.0 and 4.55 was autolyzed at pH 5.0 
in 0.9 M citrate buffer for 24 hours at 46 C. Regardless 
of the temperature of growth, little or no growth was 
obtained at pH 6; and regardless of pH appreciable 
growth did not occur at 36 C. Optimal growth was 
found at pH 3.0 and 26 C. The conditions of growth 
also affected the color of the yeast crop. At the same 
pH, « darker yeast was obtained at 31 C than at 26 C; 
vhil’ at the same temperature the yeast at pH 3 was 
darker than at pH 4.55. The yeast of lightest color au- 
toly ed to the greatest extent. The percentage of total 
nitro zen that appeared as soluble nitrogen after autoly- 
‘Is \ is 75.6 for yeast grown at 26 C at pH 3.0, and 78.3 
lors cast grown at 26 C and pH 4.55; for yeast grown 

C and pH 3.0 and 4.55, the respective values were 
'S.1 and 73.3. Autolysis apparently was but slightly 
greaicr with cells grown at 26 C than at 31 C for the 
sam pH value. For cells grown at the same tempera- 
ture autolysis was slightly greater at pH 4.55. 


TABLE 2. Aerobic growth of Saccharomyces carlsbergensis 
at 22 C with shaking 
pH 
SAMPLE 


Final ml 1 Grams 


te 


2.58 


2.87 


3.30 


Te oe WO KW I 


s 
25 
& 


28 


Effect of pH of growth on autolysis of aerated S. carls- 
bergensis. S. carlsbergensis was grown in media of vari- 
ous Initial pH values during shaking at room tempera- 
ture (22 C) for 48 hours. As shown in table 2, optimal 
growth occurred at pH 3.83. The yeast crop was meas- 
ured by direct cell count and by determining the weight 
of wet yeast which was obtained from 360 ml of media 
in a I-liter flask which had been inoculated with 40 ml 
of a 24-hour culture grown in the same medium. The 
growth medium was buffered with 0.2 Mm citrate-phos- 
phate buffer. 

Suspensions of the yeast grown at various pH values, 
containing 2.25 to 2.77 mg of total nitrogen per ml, and 
1.54 to 2.11 mg of total phosphate per ml, were auto- 
lyzed in 0.5 M citrate buffer at pH 5.01 (optimal for 
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90 


X100 


t Hour Autolysis 


SOLUBLE NITROGEN 
TOTAL NITROGEN 





/$1139 


NS 
8 
9.01 X 99 


3 Hour Autolysis 


10 








— 1 So 
2.5 3.0 3.5 4.0 4.5 5.0 
GROWTH pH 


Fic.7. Autolysis at pH 5 and 45 C of Saccharomyces carlsber 


gensis grown with aeration at room temperature and different 


pH’s. 
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aerobically grown cells of this yeast) for 8, 24, and 48 
hours, and the autolysate was analyzed for soluble ni- 
trogen and phosphate. The results obtained for the 
soluble nitrogen content are shown in figure 7. Growth 
at different pH values had no noticeable effect on pH 
shift during autolysis. As shown in figure 7, the extent 
of autolysis observed was dependent on the pll at 
which the yeast was grown. The extent of autolysis 
Was at a minimum for the yeast grown at pH 3.83 and 
Was appreciably higher for cells grown at lower or 
higher pH values. The minimum of autolysis occurred 
at the optimal pH for growth. As previously found, 
phosphate liberation was more rapid and more com- 
plete than nitrogen release. The phosphate liberated 
after 8 hours of autolysis for yeast grown at pH 2.95, 
3.37, 3.83, 4.32 and 4.85, respectively, was 84.8, 23.3, 
14.5, 31.2 and 70.2 per cent of the total present; after 
24 hours phosphate liberation was practically complete, 
and amounted to 97.2, 94.0, 91.5, 96.8, and 94.8 per 
cent of the original. The nitrogen liberation, however, 
was slower and increased with time up to 48 hours. 

This effect of growth pH on the ultimate autolysis 
of the cells is quite important, especially in comparing 
the relative susceptibility of two yeasts to autolysis. 
By varying the pH at which each is grown, either one 
may appear to autolyze more readily. 


SUMMARY 


The autolysis of pure culture of Saccharomyces carls- 
bergensis, Spanish sherry flor yeast Jerez no. 5, and 
Candida lipolytica was investigated under starvation 


conditions in buffered solutions. The autolysis of Sa 
charomyces carlsbergensts (aerobically grown) exhibit: 
an initial latent period of 12 hours followed by an a 
rupt release of cell phosphate and nitrogen in the n 
12 hours. Phosphate appeared to be released mx 
rapidly than the cell’s nitrogenous constituents. A 
tolysis of the aerobically grown cells indicated that p: 
tein nitrogen was at a minimum at the optimum pli 
autolysis, and also near neutrality. These two mini 
correspond to the accepted regions of maximum act 
ity of yeast pepsin and trypsin. 

The following optimum pH’s for the release of ph 
phate and nitrogenous constituents from the cells wi 
found for autolysis in 0.5 mM citrate at 45 C for 24 hou 

Yeast Nitrogen — Phos| 


C. lipolytica 1.00 
Jerez No. 5 3.98 


( 


( 


S. carlsbergensis (aerated)... 5.01 


} 
5 
} 


S. carlsbergensis (not aerated) 1.67 


The autolysis of S. carlsbergensis was dependent 
the pH of the growth media when grown at room ti 
perature. The cells grown at the optimum pH (3.83 
were the least susceptible to autolysis. Conversely, 
less favorable the pH was for growth the more susce} 
ble the cells were to autolysis. 
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\t present, the most probable number (MPN) 
thod, as described in “Standard Methods for the 
mination of Water and Sewage”’ (1946), is used ex- 
sively for the determination of coliform populations 
water and sewage. Briefly, this technique consists of 
nting three, five, or more replicate samples of water 
at least three dilutions, in lactose broth. Tubes in 
ich there is gas production after incubation must be 
ifirmed for the presence of coliforms by use of bril- 
nt green lactose bile broth or streaked on some dif- 
ential medium for confirmation. This procedure is 
ne consuming, expensive, and laborious, and the re- 
Its obtained leave much to be desired. With the ad- 
vent of the molecular, or membrane, filter there is of- 
red a possible method for the bacterial analysis of 
vater that may result in considerable savings in labor, 
ne, and expense, and it may vield more accurate 
sults. 
The molecular filter, as described by Goetz and Tsu- 
ishi (1951), is a cellulose acetate membrane suitable 
or the removal by filtration of bacteria and other par- 
ulate materials from either liquids or aerosols. Sub- 
juent to filtration the membrane is removed from 
e filtering unit and transferred to an absorbent pad 
turated with the desired medium contained in a small 
‘etri dish. The dish is then inverted and incubated in 
aturated atmosphere for a predetermined time and 
uperature. The membrane can be transferred from 
enrichment medium to a selective or differential 
dium, thus allowing the development of the organ- 
is sought. 
(he advantages offered by such a device are numer- 
Goetz et al. (1951), Clark, Geldreich, Jeter, and 
ler (1951) have demonstrated that coliforms could 
letected and enumerated within 16 to 24 hours after 
ation with the molecular filter when grown on a 
lified Endo broth resulting in a saving of time and 
r, and probably producing more accurate results. 
te often the bacterial count of a water sample is so 
as to make detection of organisms by ordinary 
ing and planting technique impractical. In clear 
‘rs the volume of water that can be sampled by fil- 
on is limited only by the bacterial population of 


the water and the amount of debris that collects on 
the membrane. Obviously, waters with appreciable in- 
soluble content tend to clog the filters. 

Considerable work has been done at the United 
States Public Health Service Environmental Health 
Center by Clark ef al. (1951) in developing various 
selective and differential media for members of the 
enteric group of organisms. They describe the use of 
an enrichment medium, Albimi M_ lactose broth, in 
conjunction with a modified Endos broth for the detec- 
tion of coliforms. Comparisons of the membrane filtra- 
tion procedure to standard plate counts made with 
nutrient agar revealed that growth of coliforms in the 
membrane was at least equivalent to that obtained by 
the nutrient agar plate counts. Coliform densities of 
domesti¢ sewage and waters in various stages of the 
treatment process were determined comparatively by 
the MPN procedure and the membrane filter technique. 
Their results indicated that there was no great differ- 
ence between the two methods of coliform determina- 
tion. However, they suggested that ‘‘a final answer will 
depend on the data obtained after trials in different 
treatment plants with waters of different degrees of 
pollution, varying chemical composition, and treatment 
methods.”’ 

This work was an attempt to compare the two afore- 
mentioned methods of coliform determination for sev- 
eral waters polluted initially with two different concen- 
trations of Escherichia coli. 


EXPERIMENTAL MrtTHODS 


In this experiment three different sources of water 
were used. The first water was obtained from the Wa- 
tauga River at a point above the City of Elizabethton, 
Tennessee. Two large rayon plants located near this 
city dump a toxic effluent into the river. The concentra- 
tion of the effluent varies with the flow of the river. 
Amounts of effluent were added to the water to give a 
sample approximately equivalent to that found below 
Elizabethton when the river was at average flow. The 
second water was dechlorinated Nashville tap water. 
The third was double distilled water prepared in the 
laboratory. Table 1 indicates a typical analysis of the 
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TABLE 1. Typical analysis of waters used in comparisons of 
membrane filter and most probable number methods of 
determining coliform densities 


SOURCE OF WATER HARDNESS COPPER 


ppm ppm 
Watauga River 0.04 
Dechlorinated Nashville water 5 0.0 
Double distilled 0.0 


waters. All waters were bottled and autoclaved at 121 C 
for 30 min, and stored in the refrigerator at 4.0 C until 
the time of each trial. 

The test organism was a 24-hr nutrient broth cul- 
ture of FE. coli incubated at 37 C containing approxi- 
mately 6-10 X 108 cells per ml. Cell suspensions in 
each of the three waters were prepared to yield two 
concentrations of approximately 6-10 10° cells per 
ml (high) and 6-10 X 10! cells per ml (low) for each 
water. The suspensions were prepared at room tempera- 
ture 4/4 hr prior to making the coliform determinations. 

The coliform densities were obtained by the MPN 
and membrane filter techniques. All MPN’s were per- 
formed according to “Standard Methods for the Exami- 
nation of Water and Sewage” (1946) using five repli- 
cate samples of three serial dilutions. 

Filtrations were accomplished using the apparatus 
described by Goetz et al. (1951) for use with hydrosols. 
The membrane filters and pads were sterilized by auto- 
claving according to Directions for Sterilization and Use 
of Millipore Filters MF and Accessories (1952) supplied 
by Lovell Chemical Company. Determinations for 
coliforms were made on each sample by filtering 1 ml 
or more of the desired dilution of each water. All sam- 
ples of less than 20 ml were mixed with enough sterile 
distilled water to give a total volume of not less than 
20 ml filtered. The membranes were removed from the 
filters to pads saturated with 2 ml of Bacto-M-Enrich- 
ment broth and incubated at 37 C for 2 hr in a closed 
water bath partially filled with water. They then were 
transferred to pads saturated with Bacto-M-Endo 
broth, and incubation was continued for an additional 
18 hours. All typical coliform colonies were counted 
with the aid of a 15X dissecting microscope. At the 
completion of each trial, nutrient agar plates were pre- 
pared on each cell suspension for both high and low 
concentrations of all three waters. The plates were read 
for colony count after 24-hr incubation at 37 C. One 
complete trial consisted of sampling both concentra- 
tions of all three waters by the MPN and membrane 
filtration methods in a randomized fashion. One such 
trial was performed on each of 8 days. 

RESULTS 

The results were expressed in two ways. The first 
percentage (Ri) was based on the number of cells origi- 
nally added to each water as determined by the control 


count on the original cell suspension. The second pei 
centage (R») was based on the number of cells foun: 
to be present by plate counts of the various waters « 
the time of the trial. Table 2 is a summary of the rm 


sults obtained basing the percentage recovered for eac! 


method on the original plate count of the cell suspe: 
sion (R,). An analysis of these data revealed that the: 
was a significant difference in the day-to-day tria 
This was due possibly to several factors, such as vari: 
tions in temperature of the water at time of inoculatio: 
room temperature, stage in development of cultur 
and other factors. There was a significant effect of th 
three waters upon coliform recovery. In the Wataug 
River, based on the mean of the two sampling method 
only 11.2 per cent of the cells were recovered as con 
pared to 73.8 and 56.6 per cent, respectively, for t! 
Nashville tap and double distilled waters. A small 
percentage of cells (25.8) was recovered from the wate 
initially inoculated with 6-10 X 10! cells per ml (loy 
than was recovered from the waters inoculated wit 
6-10 X 10° cells per ml (high), which was 50.1 per cen 


The two methods of coliform determination were found 


to be significantly different in this experiment. T} 
mean recovery by the MPN method was 51.5 per ce: 
as compared to 25.1 per cent for the membrane filtr: 
tion procedure. Comparison of the ratios of the tw 
methods appeared to be approximately 4:1 in favor « 
the MPN method for the Watauga River water. Th 
was largely responsible for the over-all difference in t! 
two methods. 

Several significant interactions, such as the loss « 
viable cells, were not the same for both concentratio: 
of cells in each water. The greatest loss of viable ce! 
occurred in the Watauga River water, particularly 
the low concentration. Likewise, the difference betwe« 
the two methods varied within the three waters, t! 
greatest difference occurring in the Watauga Riv: 
water. However, the concentration of cells did not aj 
pear to affect the two methods. 

A second analysis was performed on the percentag 
recovered based on the plate counts of each of the s 
water concentrations determined at the time of the tri 
(R:). Table 3 summarizes the data. There were sever 
notable differences in this analysis as compared to t! 
previous one. The day-to-day variation was reduce: 
The average percentages recovered for the three wate: 
were 47.8 per cent for Watauga River water, 91.0 p: 
cent for Nashville tap water, and 86.1 per cent { 
double distilled water, which were found to be signi! 
cantly different. In contrast to Ri the concentration « 
organisms sampled had no effect on the final outcom 
It appeared to make no difference whether sampli 
high or low concentrations of cells. The mean recove! 
for the high concentration was 77.8 per cent as con 
pared to 66.7 for the low concentration. Again the tw 
methods of coliform determination differed. Filtratio 


cent 
trat 
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MEMBRANE FILTER AND MPN METHOD FOR COLIFORM DETERMINATIONS 


& 2. Percentage (R 


[4 


of Escherichia coli cells recovered by two sampling methods from two cell concentrations 


87 


* 


in three waters 


based on the original number of cells present as determined by plate count 


TAUGA RIVER WATER 
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High 


Filter 


42. 
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ligh designates those waters to which 6-10 X 10° cells per ml were added 414 hr. prior to time of coliform determinations, 
£ J 2 I 


hose to which 6-10 10! cells per ml were added. 
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85. 

112. 


116. 


65. 


94. 


132 


of Escherichia coli cells recovered by two sampling methods from two cell concentrations 


NASHVILLE WATER DOUBLE DISTILLED WATER 
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31.4 
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* in three waters 


based on the number of cells present at completion of the trial as determined by plate count on each suspension 


WATAUGA RIVER WATER 


High Low 


High 


Filter Filter Filter 
41.7 62.! 
Li.{ 60.: 
7.6 3 26.% 8.{ 107. 
145. 
33.8 
36. 
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82. 
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and low those to which 6-10 X 10! cells per ml were added 
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vielded recoveries of 47.6 per cent a8 compared to 108.9 
per cent for the MPN method. A comparison of the 
rath 
that 


s between the two methods was about the same as 
if Ri. 
this analysis there was apparently no interaction 
iters and concentrations. The ratio of the per- 
rentauge recovered from the waters of high concen- 
trations to those of low concentrations was not different 
ie three waters. Again the greatest difference 
en the two methods of coliform determinations 
red to be centered in the Watauga River water. 
s experiment the concentration of cells present 
) effect upon the method of sampling. 
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DISCUSSION 
onclusion the following things appeared to be 
ant in the experiment described. 
here was a definite loss in the numbers of viable 
resent in the three waters after standing 414 
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118 
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102.3 
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81.5 
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199. 
106. 
114. 
113. 
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Qs. 132. 76.0 102 


| were added 4! hr prior to time of coliform determinations, 


hours at room temperature. There was a marked loss 
of cells in the Watauga River water, due possibly to 
the toxic effect of the added effluent. In some instances 
there was a possible increase of cells in the Nashville 
tap water, although the over-all mean indicated 
slight loss. 


a 


2. The loss of cells upon standing appeared to be 
greater in waters of initially low cell concentrations 
than in those of high’ cell concentrations. Transfer of 
nutriment from the original broth culture could have 
enhanced the chances for survival in higher cell con- 
centrations, 

3. There an over-all difference in the two 
methods coliform determination. This difference 
was marked within the Watauga River water. The 
accumulation of toxic substances on the filters could 
be a possible explanation, or ‘‘weakened cells’? might 
readily in the environment of broth and 
nutrient agar than under the conditions of growth on 


was 
of 


recover more 
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a filter. It should be pointed out that the difference due 
to methods was influenced to a large degree by the 
Watauga River water, and that either method gave 
satisfactory recovery from the other two waters 
tested. 

1. Recovery of cells by either method was not appre- 
ciably affected by the concentration of organisms pres- 
ent at the time of determination. 

5. The necessity of further work was suggested. 
These trials were performed using sterile waters in- 
oculated with /. coli, and only on a limited number of 
different waters. The presence of native water or- 
ganisms in conjunction with /. coli, and the investiga- 
tion of the toxic effects of certain substances in some 
waters might present additional information. 
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SUMMARY 

An experiment has been described in’ which ty 
methods of coliform determination, namely, the mx 
probable number and the membrane filter method ha 
been compared using varying numbers of EL scheric 
coli cells inoculated into three types of water. A diffi 
ence was found between the two methods in wat: 
containing substances that were possibly toxic to 1 
cells. The numbers of cells present did not affect 
covery by either method. 


REFERENCES 

Gevpreicu, Kk. E., Jerer, H. L., anp Kap 
P. W. 1951) The membrane filter in sanitary baet 
ology. Public Health Rpts. 66, 951-969. 

Directions for the Sterilization and Use of Millipore Fi 
VF and Accessories. 1952 Lovell Chemical Comp: 
Watertown, Mass. 

Gorrz, A., AND TsuNrEIsHl, N. 1951) Application of mol 
lar filter membranes to the bacteriological analysis 
water. J. Am. Water Works Assoc. 43, 943-984. 

Standard Methods for the Examination of Water and Seu 
1946 Oth Ed. Am. Public Health Assoce., New York 


CiarK, H. F., 


PROCESS DISCUSSION 


The Use of Antibioties in Meat Processing 


H. H. Wetser, L. E. Kunkue, anp F. E. DEATHERAGE 


The Departments of Bacteriology, Animal Science 


, and Agricultural Biochemistry, Ohio Agricultural Experiment Station, Ohio » 


University, Columbus, Ohio 


teceived for publication October 29, 1953 


Food investigators have been alert to the possible 
use of antibiotics in food processing ever since these 
substances have come into prominence in a therapeutic 
way. The problems in food processing differ from those 
faced by the physician in that he is usually interested 
in controlling at any one time only one or at most a 
very few strains of pathogenic microorganisms. On 
the other hand the food processor is faced with the 
much more complex problem of controlling large num- 
bers of different kinds of microorganisms simulta- 
neously. Many early experiments using antibiotics in 
foods were somewhat disappointing. As the search 
for antibiotics continues and fundamental knowledge 
of how they function is elucidated, antibiotics for use 
in foods may come in the near future. To fulfill the 
need for food by our rapidly increasing population, 
greater food production will have to be augmented 
with less food wasted through distribution channels. 


The consumer seeks more lean, juicy meat at 
lowest possible price. Furthermore, he wants it | 
and still prefers to cook it himself. The slaught« 
and distribution of meat, a product extremely 
ceptible to bacterial spoilage, is built around arti! 
refrigeration, fast distribution of large wholesale « 
and retail cutting at the store. This is true in mo 
self-serve stores as well as in markets of some years 
The refrigeration, of course, serves to decrease the 
of bacterial growth; the distribution of large cuts 
retail cutting for the consumers are reflections of 
fact that if the meat is properly refrigerated, sui 
spoilage, not internal spoilage, is the more difficu 
control. Most foods are packaged for the consum« 
the procesings plant because it is more efficient. Th 
not so for fresh meat. For the retail package, shel! 
can be measured in hours not days, weeks or mo! 


Much progress lies ahead for meat processing to as 





USE OF ANTIBIOTICS IN) MEAT PROCESSING SY 


consumer tender, juicy, and flavorful fresh meat 
the lowest possible price. Perhaps frozen meat is the 
imate answer. It may be that antibioties can help 
ain the goal. 
Spoilage in flesh foods is even more of a problem in 
1 and poultry than in beef, pork, and lamb. H. L. A. 
rr (Tarr, 1944, Tarr M48, and ‘Tarr, 
itheott, and Bissett, 1952) has studied the use of 
ibiotics to control spoilage of fish fillets. In 1944, he 
orted on the use of penicillic acid, and in 1948 on 
eptomycin and penicillin, all of which were of little 
ue in retarding spoilage. Adams, Ayres, and Tischer 
1) reported that subtilin in 100-1000 ppm_ in- 
‘ited growth of strict anaerobes in ground beef. 
out the same time, Hugli and Prudent (1951) found 
tilin did not prevent reddening of ground beet con- 


and Deas, 


ing nitrate whereas streptomycin did to some ex- 
t. The pigmentation is presumed to be caused by 
‘terial reduction of nitrate. Recently Tarr ef al. 
152), reported that of some 14 antibiotics tested, the 
re selective antibiotics were ineffective in retarding 
jilage in fish, but the broad spectrum antibiotics, 
eomycin, terramycin, and chloramphenicol showed 
muse. He also showed the value, in flesh foods, of 

antifungal 


agent rimocidin, 


particularly when 


sed with aureomycin, terramycin, and chlorampheni- 


in this connection, sorbic acid may be of value. 
rr also showed that the three broad spectrum anti- 
tics retarded spoilage in ground beef. 
rhe investigations to be described are part of a 
ieral research program in Ohio which may be simply 


ited as agricultural research for the consumer as well 


for the farmer. Consumer wishes and costs are con- 


idered with the production problems of the farmer. 


al 


pi 


hye 


s policy translated into meat investigations re- 


ires the cooperative efforts of many interested in the 


mmon goal of producing cheaply more lean, juicy, 


| flavorful meat. In carrying out livestock breeding 
| feeding research, in terms of the most meat on the 
le at the least cost to producer and consumer alike, 
lies on processing of meat and what fundamentally 
tributes to tasty meat form a major part of this 
grated research program. Antibiotics were used to 
lv the nature of deep spoilage and to investigate the 
ibility of processing whole animals by infusion 
r to dressing out. 
resent-day meat processing and distribution are 
don artificial refrigeration. Every packer knows that 
juicker an animal is slaughtered and chilled the 
. Furthermore, if the internal temperature of the 
ss does not go below 60 F within 20 to 24 hours 
slaughter, deep spoilage or ‘sours’? may develop. 


uch more is known concerning the biochemistry 


/hysiology of meat animals than is applied to meat 
ssing. If the necessity of immediate chilling could 
iminated, fresh meat might be processed imme- 


diately after slaughter to improve certain qualities, 
particularly tenderness and perhaps flavor, juiciness, 
and color. Also there is the possibility of processing 
meat by infusion through the vascular system while 
it is still intact. To do these things, an understanding 
of the nature of deep spoilage is needed. Although there 
have been numerous investigations on this problem, a 
working hypothesis on how spoilage develops has been 
lacking. 

Recently, Lepovetsky, Deatherage, and Weiser 
(1953) reported on the examination of lymph nodes, 
bone marrow, and muscle tissue from chucks and rounds 
of beef. Most of the microorganisms were found in the 
lymph node, as might be expected, since these tissues 
serve a phagocytic function. This finding seemed to 
confirm observations on sour rounds that deep spoilage 
often appears to propagate from lymph nodes. 

Since lymph nodes have excellent blood supplies, it 
seemed that deep spoilage might be controlled by in- 
fusing solutions into these tissues. The use of acidic 
buffers has been tried as a method for retarding bac- 
terial growth because a number of investigators have 
reported slower bacterial growth in muscle tissue than 
in tissues with a higher pH (lymph nodes, bone marrow, 
fat, and connective tissue). However, Husaini (1950), 
infusing calves with pH 4.7 lactate buffers, encountered 
some problems which indicated that other types of in- 
fusates might be desirable. For this work antibiotics 
might be used, since they are effective in small amounts 
and would impart little or no flavor to the meat. 

To determine which antibiotics might be used, Gold- 
berg, Deatherage and Weiser (1953) added 0, 0.5, 1.0, 
1.5, and 2.0 ppm of penicillin, bacitracin, streptomycin, 
chloramphenicol, aureomycin, and terramycin to 
ground beef and stored the samples at 10. C. Only the 
last three delayed spoilage. This work confirmed com- 
pletely the work of Tarr, et al. (1952). In order to de- 
cide which of the antibiotics to use, Lepovetsky ef al. 
(1953) screened aureomycin, terramycin, and chloram- 
phenicol against 93 strains of organisms from 492 iso- 
lates from meat. These organisms represented 12 genera. 
Aureomycin inhibited growth in 81 strains, terramycin 
in 77, and chloramphenicol in 74. Nine strains were un- 
affected by all three antibiotics. Accordingly, aureo- 
mycin was selected for the exploratory work on proc- 
essing fresh meat by infusion. 

Experiments were conducted, using a solution of 
55 ppm of aureomycin in physiological saline made 
with Columbus water which is practically sterile due 
to the lime softening process. Infusions were carried 
out using a Griffith’ curing pump. All equipment was 
steam-sterilized. methods including 
aureomycin assay techniques have already been de- 
scribed (Goldberg et al., 1953). 

Initial infusion experiments were done on hot rounds 


Bacteriological 


' Griffiths Laboratories, Ine., Chicago, Illinois 
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excised from the dressed-out carcass. Since the vascular 
system is no longer intact, complete infusion is possible 
only by use of pressures well above normal blood pres- 
sure. Infusion to 10 per cent increase in weight was 
carried out through the external iliac artery with 
hemostats closing the most prominent severed arteries. 
All parts of the round became slightly distended. 
Following the infusion, both control and infused round 
were refrigerated at 2 to 3 C for 48 hours. No differences 
in color were noted. The meat from the infused round 
had a moist appearance and some arterioles appeared 
ruptured as a result of the excessive pressure. No flavor 
differences were noted. The average moisture content 
of nine infused rounds was 78.7 per cent; of the corre- 
sponding controls, 75.5 per cent. The pH’s of infused 
and control rounds were the same, ranging from 5.50 
to 5.60. The total muscle plus blood hemoglobin for the 
controls was 0.58 per cent and for the infused 0.48 per 
cent. On bacteriological examination, the popliteal 
lymph nodes in seven out of eight infused rounds were 
found free of organisms (counting minimum was 30 per 
gram). The popliteal lymph node of the other infused 
round was found to contain 400 organisms per gram. 
In the paired controls, two were free of organisms, one 
contained 450, and five ranged from 1000 to 6000 per 
gram of node. 

The infusion process was repeated with 10 rounds 
held at room temperature (24-30 C) for 48 hours. All 
of the infused rounds were found to be sound. Seven 
out of 10 control rounds showed some evidence of 
spoilage. Of course, both groups showed surface darken- 
ing since no attempt was made to control humidity 
and so forth. Bacterial counts of the infused rounds 
were as follows (organisms per gram): popliteal lymph 
nodes, 300 to 130,000; top rounds, 800 to 26,000; and 
knuckle, 4200 to 61,000. On the corresponding con- 
trols, the counts ranged from 10,000 to 21,000,000; 
12,000 to 12,000,000; and 20,000 to 12,000,000. In 
these experiments, 300 organisms per gram is the lower 
limit of counting. In one instance, the control was sour 
and gassy in less than 40 hours whereas the infused was 
sound after 76 hours at 30C. 

In order to rule out the possibility that infusion 
per se Was causing the lowered counts, several rounds 
were infused with only saline. No differences were 
noted between the bacterial populations of the saline- 
infused and control rounds. 

The infusing of rounds was not too different from 
modern vascular ham curing. Whole beef animals, 
ranging from approximately 700 to 1250 pounds, were 
infused. The animals were stunned in the customary 
manner. The necks were opened at the midline. The 
varotid arteries were partially severed to prevent re- 
traction, and the jugular veins were cut completely. 
The animals were bled and the infusions were carried 
out by cannulation of one of the carotids. Since the 


circulatory systems were intact except for the head 
complete infusions were possible with pressures con 
parable to normal blood pressure. One blood volume « 
infusate was used in all but one case. (See below). 

After infusion the animals were dressed in the usu 
manner. One side was placed in the cooler and the oth 
side was held at room temperature (20-25 C) for 
hours before refrigeration. At 120 hours post-morte: 
the sides were cut down and examined for gene: 
appearance, flavor, tenderness, bacterial populatior 
and residual antibiotic. 

The cut surface of the meat appeared slightly mois 
apparently as a result of the flushing out of coagulal 
blood rather than the rupture of blood vessels. In ord 
to overcome this and some of the altered appearance 
the viscera, one animal, weighing 1233 Ibs, was infus: 
with only 40 pounds of physiological saline which co 
tained 3 grams of aureomycin so that the residual ai 
biotic in the meat would be comparable to the othe 
This animal showed practically no altered appearan 
on dressing (the examining veterinarian did not noti 
any abnormalities) and the cut surface of the meat w 
of normal appearance. 

As determined by the method of Deatherage a 
Rieman (1946), the tenderness of the refrigerated sid 
ranged from 1.33 to 7.25, and from the other sid 
ranged from 5.25 to 8.42. This improvement in tend 
ness is comparable to 2 to 3 weeks hanging and ind 
cated the effect of delayed chill on tenderness of be 

There was no typical deep spoilage in the infus 
animals. However, in one side where refrigeration \ 
delayed the kidney spoiled. Examination revealed 1 
kidney to be infected with organisms of the ge! 
Proteus which were resistant to aureomycin. A num! 
of pathogenic Proteus organisms are known to cat 
cystitis. Since the control side was sound and since | 
kidney was not examined at slaughter, it is impossi! 
to state if there were a kidney abscess present when 1 
animal was slaughtered. 

The average counts on rounds, ribs, and chucks 
shown graphically in figure 1. The left bar of each p 
of bars for the 48- and 120-hour data represents | 
counts on the refrigerated side. The right bar represe 
the counts on the side where refrigeration was delay: 
The numbers of bacteria increased when chill was « 
layed. However the counts at 120 hrs show that 
bacterial populations decreased when these same. sit 
were chilled. The reason for the decrease is not cli 
it may be a combination of temperature and aw 
mycin, or it may be a bacteriocidal effect of b 
muscle at reduced temperatures. The detailed d: 
appear elsewhere (Weiser et al., 1953). 

All of the meat infused in these studies (appri 
mately 6000 pounds) was consumed by known perso 


No adverse reaction was received by those eating | 
meat that could in any way be attributable to the ai 





} 


Administration. Goldberg et al. 


TO 


Usk OF ANTIBIOTICS IN: MEAT PROCESSING 


‘tic or to the infusion. Even so, an investigation of 
is type, if pointed toward commercial practice, 
ings into consideration certain problems of public 
alth. These problems would be under the jurisdiction 
the Meat Inspection Division of the Bureau of 
‘imal Industry and the Food and Drug Administra- 
Health, 
lucation and Welfare. The processing procedure is 


m of the United States Department of 


t federally approved, nor is the use of aureomycin in 
id permitted at this time. 
Concerning the matter of meat inspection, processing 
infusion may alter the appearance of the carcass. 
wever, nothing was encountered, using isotonic un- 
ffered infusates, which would prevent effective in- 
tion. Hypertonic or highly buffered infusates may 
esent a different problem and work with these in- 
sates will be reported later. Although the animal was 
t dressed by approved methods, a veterinarian 
spected all animals. In the one case, where only 
e-third blood volume of infusate was used, he did not 
stinguish it from a normal carcass until informed to 
» contrary. The carcass (or meat) of an animal is 
ver cleaner, from a microbiological standpoint, than 
ien the animal is killed. Then deterioration begins. 
is not difficult to infuse quickly and in an almost 


ierile manner. Processing in this manner might well 


tard or inhibit spoilage. On the other hand, to be 


accesstul, infusion would have to be conducted so as 


t to contaminate the meat and hasten its spoilage. 
ie infusion process May require supervision by a 
‘at inspector. Certain inspection procedures may 
juire modification, but at present there does not 
m to be any reason for not permitting processing 
infusion. 

The addition of an antibiotic to a food brings to 
us the basic questions of additives to foods which 
me under the jurisdiction of the Food and Drug 
(1953), Tarr et al. 


1952), and Weiser ef al. (1953) showed that antibiotics, 
vhen added to ground meat or infused into the car- 


s, can inhibit or retard growth of microorganisms. 
en one inspects in retail markets uncooked ground 
f and pork products or, at times, even packaged cut 
it it is not difficult to see that much improvement 
ossible in getting quality fresh meat to the con- 
ier. Possibly antibiotics can help do this job. How- 
, one must keep in mind that an antibiotic cannot 
‘e tainted meat fresh. It would be effective only in 
erving clean and fresh meat. Also, it is necessary 
now that the added compound will not be a hazard 
ie consumer. 

rst, the consumer must be assured that the material 
d is not acutely toxic nor toxic on usage over an 
ided period of time. Second, he must be assured 
general usage of antibiotics in foods will not give 
to large numbers of resistant organisms which in 
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Fic. 1. Average bacterial populations in rounds, ribs, and 
chucks, from seven infused animals. For 48 and 120 hours post 





mortem, the first bar of each pair represents the bacteria found 
in the refrigerated side and the second bar indicates the bae 
teria in the side held at room temperature for 48 hours prior 
to refrigeration. 


turn may be hazardous. These two problems require 
the most thorough study. Fundamental research on 
the intermediary metabolism of antibiotics and the 
elucidation of their mode of action could help answer 
these problems. A working hypothesis on the develop- 
ment of resistant organisms would help greatly. Micro- 
organisms and some insects seem to develop resistance 
to certain toxic compounds and not to others. In this 
connection, it has been reported (National Research 
Council, 1952) that flies develop resistance to DDT, 
vet lose their resistance if grown for several generations 
without being exposed to it. Is this true in the case of 
certain antibiotics and sensitive microorganisms? An 
understanding of why these things happen would do 
much to clear up these two basic considerations con- 
fronting the Food and Drug Administration and the 
public. 


It was possible in these studies to get some informa - 


ine) 
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Fic. 2. Relative rates of disappearance of aureomycin from 
physiological saline and ground beef at the same pH and at 
3C and 25 C. 
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tion on aureomycin which might be of interest. The 
biological assay of Dornbush and Peleak (1948) was 
used to follow the deterioration of aureomycin in meat, 
and at the same time show the effectiveness of the 
infusion in different parts of the carcass. 

Figure 2 shows the relative rates of destruction of 
the aureomycin in saline and in ground beef at the same 
pH and at 3C and at 25C. The antibiotic was less 
stable in the meat than in the saline. For the 11 samples 
of ground beef initially containing 2 ppm aureomycin, 
the decrease in the antibiotic at 10 C storage is shown 
in figure 3. 

The distribution of the antibiotic in the infused 
rounds is shown in figure 4. This is the average of 10 
rounds and the individual variations from the curves 
were insignificant. The amount of aureomycin in the 
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Fic. 3. The average aureomycin content of 11 samples of 
ground beef held at 10°C for 4 days. When ground, 2 ppm 
aureomycin was added to each sample. 
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Fic. 4. The distribution of aureomycin in 10 infused rounds 
showing the aureomycin residue at daily intervals after in- 
fusion. The rounds were held at room temperature (25 C) for 
48 hours and then placed in refrigeration at 1 C. 


different parts of the rounds reflects the blood supp 
to these parts. Whereas the top rounds averaged abo 
5.1 ppm, the knuckle contained only 0.5 ppm. Thi 
rounds were kept at 25 C for 48 hours after slaught 
and then placed in a cooler at 1 C. No aureomycin \ 
present after 4 days. 

Similar data on six infused whole animals appe: 
in figure 5. The rounds received more antibiotic th 


the rib or chuck. One side was held at room tempe 


ture for 48 hours and then moved to the cooler, wher 
the control side was placed in the cooler from slaught 
The upper three curves when compared with the lov 
three show the effect of retarded refrigeration on 
disappearance of the antibiotic. From the data 
rounds, it may be presumed that no antibiotic remai: 
in the meat after 4 days when refrigeration was ( 
layed. Yet, in the refrigerated sides some antibic 
Was present after five days. 

These data clearly indicate that if this meat had g 
through customary commercial channels little or 
aureomycin would have remained in the meat wh 
reached the dinner table. Even if freshly treated 1 
rib were eaten, approximately three-fourths pound 
lean meat would give only !; 909 of the minimum rec 
mended daily therapeutic dose for a 70-kg man. ‘| 
amount is far below pharmacological interest. It m 
be kept in mind, however, that the aureomycin 
determined by biological assay and this does not 
precisely what happened to the antibiotic in terms 
its decomposition products nor of their toxicity. Si 
these decomposition products were ineffective in 
tarding the growth of the test organism, it is «| 
probable that they are ineffective in the life processc 
of higher animals, particularly in the amounts wl! 
were present. 

During these investigations the question arose « 
cerning whether antibiotics modified the general f! 
in meat. This is a difficult question to answer, yet si 
information was obtained. Earlier work (Gold! 
et al., 1953) indicated that chloramphenicol mi 
modify the kinds of organisms in meat. An experin 
was set up whereby the relative numbers of gram-p 
tive cocci, gram-positive rods, and gram-negative | 
were determined in ground beef and in the same | 
treated with 2 ppm penicillin, chloramphenicol, 
aureomycin. No gram-negative cocci were foun 
the beef. The experiment was done in triplicate hol: 
all samples at 10 C. Table 1 shows the results and i 
cates that the general pattern of data was simila 
all three. It is worthy of note that in untreated 
the general flora develops to only gram-negative r 
Penicillin which inhibits gram-positive cocci tend 
promote this condition. With chloramphenicol 
aureomycin the relative numbers of gram-nega 
rods decreased during the earlier part of the sto. 
period and the absolute numbers of organisms wert 
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5. Distribution of aureomyein in six infused whole animals. The upper curve of each pair represe 


‘nts the aureomycin 
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these samples than in the control. The aureo- TaBLe 2. Effect of aureomycin and of heated spices on the 
-treated samples tended to develop a gram- bacteria in fresh pork sausage 

ve flora more quickly than the samples treated 
hloramphenicol. This is what might be expected 
aureomycin would be dissipated after about 
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due to the bacteriostatic nature of the antibiotics, the 
instability of the antibiotics, or to the fact that the 
amount of antibiotic used to delay spoilage in ground 
beef was insufficient to stop development of all sensi- 
tive bacteria and to permit rapid development of truly 
resistant organisms. In the case of penicillin-treated 
meat, the general flora was not sensitive to penicillin. 
This is what one would expect, since penicillin is gener- 
ally ineffective in retarding meat spoilage. 

The work on ground beef done in this laboratory 
suggested that aureomycin might be effective in retard- 
ing spoilage in fresh pork sausage which has a somewhat 
shorter shelf life than ground beef. Samples of fresh 
pork sausage were taken from one of the largest markets 
in Columbus. Samples were purchased as the sausage 
was made available to the public. Cased sausage showed 
1,500,000 organisms whereas the freshly made bulk 
sausage contained 25,000,000 organisms per gram. One 
may draw his own implications of this. Certainly anti- 
biotics would have no place in the freshly made bulk 
sausage as sampled. However, to determine if aureo- 
mycin might retard spoilage, duplicate experiments 
were conducted using sound, fresh pork trimmings as 
starting material and incorporating 2 ppm aureomycin 
in the finished product. Both heated and unheated 
spices were used. Table 2 shows the results and indi- 
cates that the antibiotic could also delay spoilage in 
fresh pork sausage. 

The work discussed here is exploratory in nature. It 
points to two possibilities; first, antibiotics may be 
used in meat processing and second, whole animals 
may be processed by infusion prior to dressing out. 
Results obtained offer an explanation for deep spoilage 
in meat and offer some information on some of the 
quality attributes of meat such as color and tenderness. 
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recent review discussing psychrophilic bacteria in 
mi k and cream (Doetsch and Scott, 1951) indicates a 
ne-d for additional information concerning these 
or, anisms. This need is especially apparent with refer- 
enve to psychrophilic bacteria capable of causing ropi- 
ne-s in dairy products. If one accepts the temperature 
at which psychrophiles grow as 10.5 C or below, 
up to 35.5 C, where growth is inhibited (Erdman and 
Thornton, 1951), there are relatively few ‘ropy psy- 
chrophiles” specifically named ‘or adequately char- 
acterized in the literature. 
he purpose of this paper is to report on a psychro- 
philic bacterium resembling A lealigenes viscosus, isolated 
from a ropy! sample of homogenized-pasteurized milk. 


Mernops AND RESULTS 
Isolation of the “Ropy’’ Organism 


Six nutrient agar plates (pH 7) were streaked with a 
portion of the ropy milk sample. Two plates each were 
incubated at 5 C, 25 C and 36 (+1) C for 48 hours. 
From the variety of different types of colonies appearing 
on the plates, stringy or mucoid types were selected 
from the plates incubated at 5 C and 25 C. None of 
these stringy (mucoid) colonies was found on the plates 
incubated at 36 C, even after 7 days incubation at this 
temperature. The stringy colonies (5 C and 25 C) were 
shiny, convex, and circular, with regular margins, and 
they adhered to the agar. The cells from these colonies 
were gram negative rods measuring 0.5 to 0.6 uw by 
| to 2 w appearing singly and in pairs, nonmotile, non- 
spore-forming, and possessing well-defined capsules. It 
ls literesting to note that the other types of colonies 
isoluted (including a coliform organism) were all gram 
negative, non-spore-forming, and nonropy in character. 

The purity of the stringy isolates (5 C and 25 C) was 
conirmed by 12 consecutive serial streakings on nutri- 
ent .gar plates, with random selections of colonies. This 
vielded 100 per cent typical colonies possessing similar 
ie word “‘ropy”’ is used in conformity with the suggestion 
hanan and Hammer (1915), who state, “In ropy milk the 
ity is stated to be due to carbohydrate derivative, while 
iy milk the slimy material is of the nature of mucin.” 
mical study of the capsular material (Wegemer and 
minor, 1954) found in the bacterial isolate described in our 
pape’ indicates a polysaccharide nature. 


cell structures. Since both isolates later proved to be 
the same organism, the following studies will be based 
on the 5 C isolate. 


Reactions in Sterile Milk Preparation 


Six tubes each of litmus milk (Difco), skim milk, and 
homogenized milk were inoculated with 0.1-ml phys- 
iological saline suspension of organisms, made from a 
36-hour agar culture. Duplicate tubes of each milk were 
incubated at 5 C, 25 C, and 36 C. 

The results indicated that at 5 C and 25 C a stringy 
pellicle developed in all milks within 24 hours, followed 
by a ropy condition at the surface after 48 hours. No 
coagulation resulted. There was no change in the milks 
incubated at 36 C. Agar slant cultures incubated at 36 C 
gave very slight or no growth. 

None of the other gram negative isolates produced 
ropiness in the milks. 


Biochemical Studies 


Seitz-filtered solutions of arabinose, dextrose, dextrin, 
dulcitol, galactose, glycerol, inosite (inositol), inulin, 
lactose, levulose, maltose, mannitol, mannose, raffinose, 
rhamnose, salicin, sorbitol, sucrose, trehalose, and xylose 
were aseptically added to a sterile nutrient broth base 
plus bromothymol blue indicator, in test tubes con- 
taining inverted Durham fermentation tubes. The final 
concentration of carbohydrate in the broth was 1 per 
cent, with the exception of dextrin, dulcitol, inulin and 
salicin, which were approximately 0.4 per cent. The 
final pH of the sterile carbohydrate broth was 7.0 to 7.1. 
The carbohydrate media were inoculated with a 36-hour 
agar culture (0.1 ml physiological saline suspension 
inoculated into each tube containing 5 ml of the test 
carbohydrate solution), and incubated at 5 C. Of the 
carbohydrates tested, only arabinose, dextrose, galac- 
tose, and xylose were fermented to acid, with no gas, 
within 24 to 72 hours. All other carbohydrates gave an 
alkaline reaction. After 2 weeks incubation, pH deter- 
minations were made with a Beckman (model G) meter. 
Arabinose, dextrose, galactose, and xylose gave readings 
of 5.5, 4.6, 5.6 and 5.4, respectively. The other carbo- 
hydrates fell in the range between 7.4 and 7.7. Nutrient 
broth plus organisms gave a pH reading of 7.7. All tests 
were conducted in triplicate, and no basic differences 
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were noted with a duplicate set of tubes, which was 
incubated at 25 C. 

Titratable aciditics. The determination of titratable 
acidities was carried out with a 0.0097 N NaOH solu- 
tion. All titrations were conducted with a Beckman pH 
meter to an end-point of pH 6.6 (initial reading for the 
nutrient broth control). Twenty-five-m] aliquots of the 
ropy-organism suspensions grown in arabinose, dex- 
trose, and galactose broths (4 days at 25 C) gave the 
following results: with arabinose, 4.05 ml, 4.05 ml and 
1.30 ml for the triplicate determinations; with dextrose, 
14.45 ml, 14.95 ml, and 14.60 ml; with galactose, 6.15 
ml, 6.15 ml and 6.70 ml. 

Other chemical and biological tests. A series of other 
chemical and biological tests gave the following results: 
negative reactions for gelatin liquefaction, starch 
(Difco) hydrolysis, fat (tributyrin, cottonseed — oil, 
linseed oil and castor oil) hydrolysis, hemolytic activity, 
nitrate reduction, indole production, methyl-red test, 
production of acetylmethylearbinol, and H.S produc- 
tion (I<ligler’s and lead acetate media). The organisms 
did utilize sodium citrate (Koser’s medium) as sole 
source of carbon, and survived an exposure of 62 C for 
8 minutes (completely killed in 10 minutes) in sterile 
litmus milk. Intraperitoneal inoculations into white 
mice with | ml of organism suspension (7.5 & 10° cells 
per ml) gave no apparent adverse effects, even after 3 
weeks of observation. 

Tests with A. viscosus. In order to ascertain the rela- 
tionship between the ropy strain described in this paper 
and A. viscosus, a series of tests were conducted with a 
standard strain of the latter (ATCC 9036). The A. 
viscosus Culture grew at 37 C but failed to grow at 4.5 to 
5 C. It hydrolyzed tributyrin, but failed to ferment 
arabinose, dextrose and galactose, the only three sugars 
tested. The pH after 4 days at 25 C was 7.7 for all three 
sugars. The colonial and cell morphologies were similar 


to the ropy strain, and A. viscosus: produced a_pro- 


nounced ropiness in milk. 
DiIscussION 

The characteristics of the ropy psychrophilic organ- 
ism described above are basically in agreement with 
those recorded for A. viscosus by Long and Hammer 
(1936). The two main points of difference between our 
isolate and those of Long and Hammer are their findings 
of positive fat hydrolysis and low power of fermenting 
carbohydrates. The authors state that “with the low 
fermenting powers of A. viscosus it appears that the 
action on sugars and comparable materials is of little 
value in identifying this species.” Since our results were 
consistent over a period of approximately | year, we 
feel that the biochemical activities of the mucoid colony 
might be of value in helping to characterize the ropy 
psychrophile described in our paper. Long and Hammer 


(1936) further state that “a few of the cultures occasic 
ally produced acid from glycerol, arabinose, levulo 
galactose, maltose, lactose, and mannitol, but were ) 
consistent in this respect.’? At no time did our cultu 
which were subtransferred at least once a week dui 
the course of the study, produce acid in any of 
carbohydrates tested other than the four mention 
previously. A nonropy variant of our culture (Weger 
and Gainor, 1954) gave the same biochemical react 
as did the mucoid colony. This finding parallels that 
Long and Hammer (1936) for their nonropy variant 
A. viscosus. 

A third difference between this ropy isolate and 
recorded description for A. viscosus is the temperat 
ranges for growth. Breed et al. (1948) note that 
viscosus grows at 10 C and 20 C, but that growth at 3 
and 40 © is variable. An earlier comprehensive re\ 
on ropy organisms (Buchanan and Hammer, 1915) 1 
that for Bacterium lactis viscosum (that is, A. viscos 
“Ward gives minimum temperatures at 8 C, maxim 
at 40 C.... [Conn] Notes that growth occurs at b 
30 C and 37 C.” Although our ropy strain can grow \ 


at temperatures between 4 C and 5 C, 10 C and 25 (, 


it has been unable to grow above 35 C. 

That the ropy isolate was psychrophilic in nat 
seems indicated by its conformity with Erdman 
Thornton’s (1951) characterization of psychroph 
However, the temperature range at which it grew do 
not coincide with that found for A. viscosus. 

The inability of the ropy psychrophile to withst 
exposure to 62 C for more than 8 minutes confirms 
opinion of Stark (1932) that, in general, ropy 1 
bacteria enter a pasteurized milk after pasteurizat 
and consequently are to be regarded as contamina 

The data concerning the ropy psychrophile migh 


considered insufficient to warrant a new species desigiia- 


tion. A chemical analysis of the capsular materia 
A. viscosus and a serological study comparing our 
late with a standard strain of A. viscosus would di 
mine whether the isolate described in this paper 
variant strain of A. viscosus or a new species.” 
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SUMMARY 


A capsulated organism resembling Alcealigenes vise 
Was isolated from a ropy sample of pasteurized-h: 
genized milk. Although the morphological and 
chemical attributes of both organisms are basi 


* The chemical and serological studies are now in prog 
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im ar, the ropy isolate differs from the experimental 
recorded characterizations for A. 
ving points: | 


viscosus on the 

It does not hydrolyze fat, 2) it 
stently ferments arabinose, dextrose, galactose, 
xylose with pH readings between 4.6 and 5.6, and 
is capable of good growth at 4.5 C and does not 
at temperatures greater than 35 C. 
e ability of the capsulated isolate to produce 
ess In milk at 5 C, the inability to do so at 36 C, 
the ease of capsule formation on simple nutrient 
at 5 C indicate the psychrophilic nature of the ropy 
Cc. 
itil a chemical analysis of the capsular material of 
scosus and a serological study comparing the ropy 

psy rophile with A. 


viscosus can be made, the ropy 
psy urophile might be regarded as a variant of A. 
us, 


CAUSING ROPINESS IN) MILK. II 
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Buchanan and Hammer (1915) have described ropi- 
ness in milk as a change from its normal consistency to 
icondition in which long threads of viscous masses are 
observed, They attributed this condition to the produc- 
tion of carbohydrate (polysaccharide) derivatives. The 
organisms Which usually produce ropiness in milk are 
those possessing a large capsule, such as Alealigenes 
iscosus. and members of the Escherichia-Acrobacter 
group (Buchanan and Hammer, 1915; Sarles and Ham- 
mer, 1933). The capsular material produced by many 
bacteria consists of complex polysaccharides identified 

vmers of simple monosaccharides (Pigmann and 
), 1948; Evans and Hibbert, 1947). 

the purpose of this paper to report on the nature 
capsular material produced by a gram negative 
sm, resembling Alcaligenes viscosus, causing ropi- 
1 a sample of homogenized-pasteurized milk 
rand Wegemer, 1954). 


EXPERIMENTAL METHODS 


isolation and characterization of the ropy milk 
m have been previously described (Gainor and 
er, 1954). 


> work was submitted in partial fulfillment of the re 


Fifty-ml volumes of 2 per cent glucose (¢.p.) solution, 
sterilized by Seitz filtration, were aseptically added to 
50 ml of cooled, sterile nutrient agar (8.0 grams of Difco 
nutrient broth, 17.7 grams of Difco agar-agar, and 500 
ml of distilled water) in Kolle flasks. Although the or- 
ganism developed colonies of stringy type on nutrient 
agar (pH 6.9), it was found that higher cell counts of 
the organism were obtained when glucose was incor- 
porated into the medium. The glucose-nutrient agar 
medium (pH 6.8) was shaken to insure homogeneity of 
the component parts. The flasks were incubated for 48 
hours at 37 C for a sterility check, and then each was 
inoculated with 1.25 ml of a saline suspension of the 
stringy isolate, previously incubated at 25 C, containing 
% & 10° cells per ml. The inoculated 1 per cent carbohy 
drate agar was incubated at 25 C for 48 hours. The 
flasks showed the presence of typical stringy colonies. 

The growth was removed from the surface of the agar 
and suspended in 25 ml of sterile distilled water in a 
50-ml centrifuge tube. The water suspension of the or- 
ganisms was spun in an angle centrifuge at 3,000 rpm 
at room temperature for one-half hour to remove the 


quirements for the M.S. degree by the senior author at the 
University of Pittsburgh, Pittsburgh, Pennsylvania. 
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cells. To the viscid supernatant (cell free) were added 
two volumes of absolute ethy! alcohol followed by stor- 
age at 5 C overnight to precipitate the polysaccharide. 
The crude polysaccharide was spun at 3,000 rpm for 15 
minutes and dissolved in 20 ml of distilled water con- 
taining 2 grams of sodium acetate and 0.5 ml of glacial 
acetic acid. The polysaccharide was repeatedly precipi- 
tated from this solution by the addition of absolute 
alcohol. After a final precipitation, the polysaccharide 
was dissolved in the sodium acetate-acetic acid mixture. 
A Biuret test made on a sample of the polysaccharide 
indicated a small amount of protein material. The pro- 
tein material was removed from the acetate-acetic acid 
solution of polysaccharide by repeated mixing with an 
equal volume of chloroform and n-amy] alcohol (4:1 ra- 
tio). A slight zone of precipitated material formed at the 
interface of the two liquids. The precipitate was sepa- 
rated by centrifugation and discarded. The polysac- 
charide was again precipitated by the addition of two 
volumes of absolute alcohol, centrifuged, and dried in 
a desiccator containing CaCl. 

The polysaccharide was hydrolyzed in 1.0 Nn HSO, 
for 2) hours in a water bath at 100 C. One-half ml of 
the acid was used for 20 mg of the polysaccharide. The 
hydrolysate was neutralized by adding 1.0 n Ba(OH)ps. 
The hydrolysate was centrifuged at 3,000 rpm to re- 
move the insoluble BaSO, precipitate. The superna- 
tant was concentrated for analysis by evaporation in a 
desiccator containing CaCl, within an incubator at 50 C. 

Chromatographic techniques based on the work of 
previous investigators (Consden ef al., 1944; Partridge, 
1948; Forsyth, 1948; Hawthorne, 1947; Fisher et al, 
1948) were employed. Sample amounts of 0.02, 0.04, 
and 0.06 ml were placed on the base pencil line of a 
single dimensional chromatogram. The solvent used was 
a mixture of n-butanol, acetic acid and water (4:1:5 
ratio). The water layer of the solvent plus NH,OH (1 
per cent by volume) was placed in an open Petri dish in 
the bottom of the chromatocab* to maintain saturated 
conditions. The paper was irrigated for 14 hours by the 
descending method, removed from the chromatocab, 
and the solvent front marked with ink. The paper was 
dried for one-half hour at 105 C to evaporate the sol- 
vent. The chromatogram was sprayed either with am- 
moniacal silver nitrate (equal volumes of 0.1 nN AgNO; 
and 5 N NH,OH) or with acidified resorcinol, which con- 
sisted of a 0.2 per cent ethanolic solution of resorcinol 
acidified by adding first an equal volume of 0.25 n HCl 
and then 0.1 volume of orthophosphoric acid. The 
chromatogram was then dried for 10 minutes at 105 C 
to develop the spots. The position of the spots was 
marked and the R; value and color reaction of the spots 
were determined. 

Sugar standards having an R; range of 0.21 to 0.28 

2 University Apparatus Supply Company of Berkeley, 
Berkeley, California. 


were used as controls, since a preliminary run of 


polysaccharide hydrolysate showed a spot within 
range. A 0.02-ml amount of each of the standard 
per cent arabinose, dextrose, galactose, fructose, x) 


and mannose) was placed on the base pencil line oi 
chromatogram and chromatographed. 

An attempt was made to shift the colonial phas 
the stringy isolate to determine if a nonstringy vai 
could produce ropiness. Previous investigators (1 
ley, 1927; O’Neal, 1933) have shown that highly vis 
encapsulated bacteria can be shifted to nonencapsu! 
types by repeated transfer through an impoveri 
medium or in alkaline peptone water. 

Three loopfuls of a 24-hour 5 per cent peptone b 
culture of the stringy isolate were streaked on pep 
agar of pH 7.8 containing 5, 3, 2!4, 2, and 1 per 
Difco Bacto-peptone. The inoculated plates were i 
bated at 25 C for 48 hours. There was no visible gr« 
on the | per cent plates, pin-point colonies develope 
the 2 per cent plates, and stringy colonies were foun 
the 3 and 5 per cent peptone plates. After 1 wee 
number of the colonies on the 2'4 per cent pep 
plates showed nonstringy evaginations while the re 
the colony was stringy. A portion of an evagination 
streaked on fresh 2/4 per cent peptone agar plates 0 


7.8, a drawn sterile glass rod being used as an inociilat 


ing needle. Three subtransfers of the original evagin 
area incubated at 25 C yielded colonies that were 
flat, circular with regular margins, and butyrous. 
colonies maintained this morphology for 12 consecu' 
subtransfers, at which time the culture was consid 
to be stable. Cellular studies showed the presen: 
gram negative rods (0.4 to 0.5 by 0.9 to 1.7 micr 
single, in pairs, and in chains of short length, nonm 
and nonencapsulated. Biochemical studies gav« 
same reactions as were obtained with the stringy 
late (Gainor and Wegemer, 1954). 


RESULTS 

The supernatant of the water suspension of the 
organism was viscid. Upon the addition of absolute 
hol, a white, cottony precipitate was formed. 
hydrolysate gave a positive result with the M: 
reagent, a negative test with the Benedict reagent 
a positive result with the Seliwanoff reagent. The s 
natant of the nonropy variant was nonviscid, 
negative carbohydrate tests, and showed no chan 
addition of absolute alcohol. 

The developed chromatogram indicated that 
hydrolysate from the ropy organism contained 
fructose when the spots of the hydrolysate were 
pared to the fructose standard in both R; valu 
color reaction. The R¢ value of fructose was 0.28 
temperature of irrigation was 30 C), with a black 
being developed with the acidified ethanolic reso: 
spray. The other standards of arabinose (0.27 g 
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des trose (0.23 tan), galactose (0.21 yellow), xylose (0.23 


sh-black), and mannose (0.26 green) did not corre- 
id in Ry value and ‘or color reaction. 

o carbohydrate spots were detected when the super- 
nt of the nonstringy variant was chromatographed. 


DISCUSSION 


umerous investigators have studied the organisms 
msible for producing ropiness in milk. These studies 
‘been concerned chiefly with the identification of 
‘ausative organism. Little investigation has been 
ited to the specific chemical nature of the material 
ing this abnormal condition. Studies concerning 
‘ial state in relation to ropiness in milk are notably 
in the literature. 

was found in this investigation that the stringy 
erial colony isolated from a sample of pasteurized- 
genized milk possessed a large capsule. This stringy 
te produced ropiness in milk. A nonstringy variant, 
ar in biochemical reactions to the stringy isolate, 
‘da capsule. This variant failed to produce ropiness 
ilk. 

is possible that the levan nature of the capsular 
saccharide of the stringy isolate is responsible for 
yroduction of ropiness in milk by this organism, and 
the nonstringy variant, lacking a well-defined cap- 
and levan material, is unable to cause ropiness. 


SUMMARY 


gram negative, rod-shaped bacterium, producing 
ropiness in milk, was found to possess a capsular poly- 


saccharide which was levan in nature. A nonropy vari- 

ant of this organism neither produced ropiness in milk 

nor possessed detectable levan material. 
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The three methods currently used for determining the 
extent of bacterial contamination on eating and drink- 
ing utensils, dairy equipment, and so forth, are thor- 
oughly described in Standard Methods for the Examina- 
tion of Dairy Products (American Public Health Asso- 
ciation, 1948). They are known as the Rinse, Plate 
Contact, and Swab Contact Methods. 

In studies on dishwashing, the authors desired to ob- 
tain more accurate results than are possible by the 
existing methods. It has been found that all bacteria on 
a plate are not subject to removal by swabbing, and 
thereby some escape detection. The surface of a plate 
is not perfect, and bacteria can be present on the plate 
in such a way that swabbing will fail to remove them. 
The authors have subsequently shown that even scour- 
ing may fail to remove all bacteria from restaurant 
plates. 

In comparing the relative merits of various detergents 
for washing dishes, an empirical method was not con- 
sidered sufficiently accurate, and hence the present 
method was developed. This method is briefly described 
in a previous publication (Flett and Guiteras, 1952) and 
is designed primarily for research work in the laboratory 
and for routine regulatory health control purposes. 


Mertriop® 


A dish or dinner plate whose bacterial contamination 
is to be measured is placed as a cover over a Petri dish 
containing melted tryptone glucose extract agar at 
about 45 C. The two dishes are held firmly together and 
then quickly inverted, so that the Petri dish is on top 
and the dinner plate on the bottom. If done properly, 
there is practically no leakage or spillage of the agar 
and practically no slipping of the Petri dish across the 
plate. After the agar has hardened at room temperature 
in this position, the set-up of the dinner plate containing 

Presented before the Laboratory Section and Coordinating 
Committee on Laboratory Methods, Convention of the Ameri 
can Public Health Association, Cleveland, Ohio, October 22, 
1952. 

' Albert F. Guiteras and Rebecea L. 
Laboratories, Inc., New York. 

2 Lawrence H. Flett, New Products Division, National 
Aniline Division, Allied Chemical and Dye Corp., New York. 

’ This work was initiated while the first and last authors 
were associated with Foster D. Snell, Inc., New York City. 
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the hardened agar with the Petri dish acting as a « 
is incubated for 48 hours at 37 C. All the bact: 
originally present on the surface of the dinner p 
within the area circumscribed by the Petri dish h 
had a chance to multiply in the agar and form color 
The dinner plate is removed from contact with the ; 
by inserting a wide spatula between the plate and 
Petri dish. The plate can then be removed easily, |: 
ing the agar in the Petri dish, where the colonies 
counted with the aid of a Quebec Colony Counter. ’ 
method has the disadvantage that the set-up of | 
dishes and dinner plates occupies considerably n 
space in the incubator than an equal number of | 
dishes with their covers. It has the advantage, how: 

that all the bacteria on the portion of the plate cov: 
by the Petri dish are trapped and held in the agar du 
the entire incubation period, thus affording them 
maximum opportunity to grow and form colonies. 


EXPERIMENTAL PROCEDURE 


To establish the validity of the method and to « 
pare it with the Swab Contact Method, the follo 
experiment was set up. Ten dinner plates were wa 
thoroughly with soap and water, rinsed, and ster’ 
with dry heat. An area the size of a Petri dish was cir- 
cumscribed on the center of the eating surface of cac 
plate with red crayon, using a Petri dish as a guide. \ 
culture of Micrococcus pyogenes var. aureus was dil\ted 
1: 1,000,000 to give 2,850 bacteria per ml, and 0.1 1! 0! 


TABLE 1. Comparison of swab contact and quantitative me 
for determining the bacterial contamination of dishes us 


the organism Micrococcus pyogenes var. aureus* 
TOTAL NUMBER OF BACTERIA RECOVERED FROM PLATE 


Swab Contact Method 
Plate no Qua 


Total, swab 1 Mc 


Swab Swab 2 
1 and swab 2 


120 50 170 

140 60 200 

130 50 180 

120 30 150 

140 50 190 

Average 130 18 178 

* Each plate artificially contaminated with 0.1 ml bac 
suspension diluted to give 285 microorganisms per plate 
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LE 2. Comparison of swab contact and quantitative methods 
for determining the bacterial contamination of dishes 
using the organism Bacillus subtilis* 


POTAL N FERIA RECOVERED FROM PLATE 


b Contact Method 
Plate no 
Potal, swab 1 


and swab 2 


¢ 


lantitat 
Method 


160 260 

140 210 

140 230 

90 285 

100 250 

Average 28 126 247 
Each plate artificially contaminated with 0.1 ml bacterial 


ension diluted to give 260 microorganisms per plate 


dilution was placed in the center of each plate and 
oughly distributed with the pipette over the surface 
he dish contained within the red-crayoned cirele. 
facilitate wetting of the plates with the bacterial 
spension, 0.2 per cent of Triton! X-100 was added to 
diluted culture. Previous tests had shown that this 
no influence on the growth of the organism. The 
aminated plates were then allowed to dry face-up 
n incubator at 37 C. The plates were visibly dry 
thin half an hour. Bacterial counts were then taken 
ve of the plates by the method described above, and 
the other five plates by the Swab Contact Method. 
ising the latter method, the entire contaminated 
ace of the plate was swabbed thoroughly with a wet 
by and then re-swabbed with a second swab, counts 
g taken on both swabs by the usual procedure. The 
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experiment Was repeated on a second series of ten plates, 
using as the contaminating organism a spore suspension 
of Bacillus subtilis diluted 1:10,000 and containing 260 
organisms per 0.1 ml. The results are given in tables 
1 and 2. 

The total number of organisms recovered by the 
authors’ method is quantitative, within the limits of 
experimental error, The number recovered by the Swab 
Contact Method is significantly lower, even when two 
swabs are used. The first swab does not remove all the 
organisms from the surface of the dish, as can be seen 
from the fact that a substantial number are removed by 
the second swab. Furthermore, once the organisms are 
on the swab, they are not quantitatively transferred 
from the swab to the solution which is used to determine 
the bacterial count. 


SUMMARY 


A quantitative evaluation has been made of a pre- 
viously described method for determining the bacterial 
contamination of dishes. A quantitative recovery of 
organisms Is obtained from dishes artificially contami- 
nated with \Wterococcus pyogenes var. aureus and with 
Bacillus subtilis. The method has been shown to be a 
valuable quantitative procedure for evaluating bacte- 
rial contamination. 
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Several studies have been made on the conditions 
which determine the formation of pigments by micro- 
organisms (Reid, 1936), their possible practical appli- 
cation (Beijerinck, 1913), their role in bacterial metabo- 
lism (Birkinshaw, 1937), their correlation with some 
morphological or physiological variations, and their 
chemical structures (Brazhnikova, 1946; Friedheim and 
Michaelis, 1931; Tobie, 1936; Waksman, 1950). The 
characteristic of pigment production seems to be more 
widely present in the actinomycetes than in any other 
of the bacterial groups and, as a consequence, there are 
many works tending to define the identity between the 
pigments formed and the bacteria producing them, for 
taxonomic purposes (Conn and Conn, 1941). 

The present paper deals with some of the factors 
which determine the production of a blue pigment by a 
Streptomyces coelicolor strain, indicating its purification 
and some of its more important characteristics. 


MATERIALS AND MetTnuops 


The Streptomyces strain was isolated from soil by 
means of the dilution method. Microscopic observa- 
tions were made on colored slides obtained by a Drechs- 
ler’s technic modification (Drechsler, 1919) in Czapek’s 
medium. This strain was found to be Streptomyces coeli- 
color, following Waksman and Curtis’s key in Bergey’s 
Manual (Breed, Murray and Hitchens, 1948). It was 
plated in Czapek’s medium, incubated at 28 C and, 
after periodic observations, colonies showing more rapid 
pigment production were selected and transferred. After 
repeated selection and transfer, pigment production by 
the selected final strain was studied in the following 
media: Oxford (1946), agar-Oxford, cotton-Oxford, 
Gause (1946), cotton-Gause, Czapek, cotton-Czapek, 
semisolid-Czapek, and Bottcher-Conn (1942). In each 
‘ase the inoculum was a loopful of sporulated culture 
in Czapek’s medium; the cultures were incubated at 28, 
30, and 33 C. Observations were made after 2, 5, 10, 15, 
20, and 30 days. 

Pigment intensity. After the proper medium for pig- 
ment production had been selected, a method for meas- 
uring pigment intensity in an adequately approximate 
manner was developed. The following procedure was 
found to be satisfactory. The solution containing the 
pigment was filtered through glass wool and then 

‘A summary of this work was presented at the Sixth Inter- 
national Congress of Microbiology, Rome, 1953. 


through filter paper; pH was adjusted to neutrality : 
0.5 ml of the solution was filtered and complemente 


10 ml with a pH 6.4 to 6.8 phosphate buffer soluti 


The light transmission of the solution was read wit 
Klett-Summerson photoelectric colorimeter wit! 
green filter. The highest reading was considered to h 
a value of 100 per cent intensity and other readi 
were referred to this figure by calculation. 
Influence of pH on pigment production. A serie 
twenty 300-ml Erlenmeyer flasks, each containing 
ml of Bottcher-Conn’s medium, was used. The med 


was sterilized for 30 minutes under 15 pounds of stes 


pressure, and the pH was adjusted to give a range { 
pH 4 to 11. All media were inoculated with a loopf 
a sporulated culture in Czapek’s medium and incub: 
at 28 C for 20 days. The final pH and relative pign 
intensities were then determined. 

Influence of temperature. Six 300-ml Erlenmeyer f! 
containing 40 ml of Bottcher-Conn’s medium wer 
oculated, as above, and incubated at 25, 28, 30, 33, 
37 C. After 20 days the final pH, growth, and rel: 
pigment intensities were determined. 

Influence of carbon and nitrogen sources. For the 
termination of the influence of carbon source on pig! 
production, a series of Erlenmeyer flasks was prep 
with 40 ml of Bottcher-Conn’s medium without ¢ 
erol. The carbon sources under test were added in a 
portion of 1 per cent; the pH was adjusted to 7.5 
the flasks were sterilized at 5 pounds for 1 hour. 
media were inoculated as above, and incubated at 
for 20 days. The pigment intensities were then n 
ured. The influence of nitrogen sources was studied 
similar manner using Bottcher-Conn’s medium n 
fied as follows: Yeast extract 0.5 g, KoHPO, 
glycerol 5 g, and sufficient water to 1000 ml. 

Aeration. The effects of aeration were studied | 
500-ml Erlenmeyer flasks. Each flask contained 
ml of Bottcher-Conn’s medium which had been 11 
lated with 4 loopfuls of a sporulated culture gro\ 
Czapek’s medium. The flasks were aerated by mea 
an aquarium pump. The air used was passed thro\ 
washing flask, a filter, and then to the cultures. A! 
stone spargers were used. Aeration was at a rate 0 
ml per minute and was continued for 120 hours at 
A control was maintained under the same condit 

Influence of the amount of inoculum. As it is diff 
if not practically impossible, to control the inoculu 


gal 
tats 
solu 
proce 
ami 
cp { 
acet 
stirr 
vello 
add 
wnt! 
it W: 
live 
the 
Cent 
tim 
tim¢ 
ume 
pre 
The 
add 
con 
solu 
reat 
soly 
have 
tion 
Ture 
A 
pro} 
194 





STREPTOMYCES COELICOLOR PIGMENT 103 


inomycetes, it was thought advisable to determine 
influence of inoculum size on the results. Two series 
| Erlenmeyer flasks were prepared as in the pH experi- 
nts with the exception that a range of pH 6.9 to 10.5 
s used. These flasks were inoculated with 1 and 2 
pfuls of inoculum for comparison. After 20 days 
ubation at 28 C, the final pH and pigment intensities 
e determined. 
-igment purification. After several assays were tried 
i modifications of Brazhnikova’s (1946) method 
litmocidin purification, and chromatographic pro- 
ures, the following purification technique, which is 
ilar in some respects to Oxford’s (1946) method, 
»s adopted, A series of 300-ml Erlenmeyer flasks with 
ml of Bottcher-Conn’s medium at a pH of 7.5 was 
‘ulated as indicated previously, and incubated at 28 
‘jor3 to 4 weeks; the pigment-containing solution from 
these flasks was collected, liquids from the cotton being 
extracted under pressure and by washing with a diluted 
ammoniacal solution, and placed in a larger flask. The 
whole liquid was filtered through glass wool and then 
through filter paper. The pigment was then precipitated 
by the addition of concentrated HCl and refrigerated 
overnight. This was followed by decantation, repeated 
washing of the precipitate with dilute HCl, and centrifu- 
gation to eliminate the liquid of lavation. The precipi- 
tate was then redissolved with a diluted ammoniacal 
solution and again precipitated with dilute HCl, this 
process being repeated for at least five times. A dilute 
ammonia solution was again added to dissolve the pre- 
cipitate, together with two volumes of amyl acetate, 
acetone or carbon disulphide, and the whole liquid was 
stirred for 30 minutes. The solvent, which contained a 
vellow impurity, was eliminated and fresh solvent was 
added under constant stirring. The process was repeated 
witil the solvent remained completely colorless and then 
it was removed by centrifugation or decantation. Now, 
five to six volumes of distilled water were added, and 
the pigment again precipitated by the addition of con- 
centrated HCI. The precipitate was then washed several 
times with dilute HCI, followed by centrifugation each 
time to remove the supernatant fluid. Five to six vol- 
umes of glacial acetic acid were used to dissolve this 
precipitate, and centrifuged to remove the insolubles. 
The acetie solution of the pigment was diluted by the 
addiiion of distilled water and then precipitated with 
concentrated HCl. Repeated centrifugation and redis- 
solution in acetic acid followed, until a negative Nessler 
reac ion was obtained. Finally, the precipitate was dis- 
solved in acetone, any insoluble portions which may 
have been formed having been removed by centrifuga- 
tion ind the solution was evaporated at room tempera- 
ture 
A. timicrobial properties of the pigment. Antimicrobial 
properties were studied following Waksman and Reilly’s 
194) method. A solution containing 20 mg of the puri- 


fied pigment in 6 ml of methanol was diluted with dis- 
tilled water to obtain a final concentration of 1 mg per 
ml. From this solution, aliquots were taken for the 
activity tests. Readings were made at the end of 48 
hours for Rhizobium, 72 hours for Mycobacterium, 5 
days for Fusarium, and 24 hours for the other micro- 
organisms. Fred and Waksman’s medium “79”? (Fred 
and Waksman, 1928) was used for Rhizobium, Sabou- 
raud’s for Fusarium, and broth-agar for the others. 
RESULTS AND Discussion 

The strain of Streptomyces used in this study showed 
all the morphological and biochemical characteristics of 
Streptomyces coelicolor. It is noteworthy that it produced 
acid from glucose, lactose, sucrose, and mannitol; results 
which differ from Miiller’s (1908) but agree with Conn’s 
(1943) findings. 

Some variants attacked agar as observed by Stanier 
(1942); others lost the aerial mycelium and did not pro- 
duce pigment, but later they recovered both properties 
as pointed out by Erikson (1948). Occasionally some 
lysis appeared in a medium containing Czapek’s salts 
and 30 g of mannose per 1000 ml. Stanier (1942) and 
Dimitrieff (1937) observed a similar phenomenon in 
other media. Erikson, on the contrary, made no such 
observation. 

There appeared to be some possibility of increasing 
pigment production by use of selective cultures. How- 
ever, after two or four subcultures the time necessary 
for the pigment to appear in the medium was increased 
and the intensity lowered. 

The morphology of the Streptomyces colonies was ex- 


tremely variable and showed no relationship to pigment 
production. Colonies of three different) morphological 
types which developed in the same Petri dish produced 
very similar pigment intensities, whereas identical 
colonies showed various intensities (figures 1 to 4). 


Fic. 1. A colony, two of which appeared on a single plate 
during observations. This one formed abundant pigment which 
diffused into media with a deep-blue color; the other produced 
no pigment. 
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TaBie 1. Pigment production by Streptomyces coelicolo 


PaATLOUS culture media 


TEMPERATURE 


INCUBATION 


Oxford 


Oxford 


(agar) 


Fic. 2. Another type of colony, four of which appeared on Oxford 
one plate, similar in pigmentation to that in figure 1. One cotton 
colony lacked pigment. 


Czapek’s 


(agar) 


Czapek’s 
(semi 


solid) 


Czapek’s 


(cotton) 


Cause 


(agar) 


Bottcher F + (44,.444/14+444/4+44+441/4+4+ 
Conn F + ++)4+4+4+14+4+4+4+,4+4+4+4++4+/4+-4 
a3 | _ = 1: 4. cme 
Fic. 3. The third type of colony, more than 30 colonies on 


A é : : ie no pigment; + to +++++: various intensiti 
one plate, with various pigment intensities. 


pigment. 


slight modification, it made possible the performan 
all of the experiments. It seemed inadvisable to s 
the influence of carbon sources by using Czapek’s 
dium because the toxic effects of nitrites, in the ca 
acid production, would have given false results. 
optimum temperature appeared to be 28 to 30 C. 
Relative intensity of the pigment. It was possi! 
establish a correlation between the dilutions of thi 
ture medium containing the pigment and the p! 
colorimetric readings. It would have been bett: 
prepare standard solutions of known concentratio! 
acceptable pigment purification had not been obt vet 
Fig. 4. Coexistence of three types of colonies on the same at that time. 
plate. Influence of pH. Table 2 shows that the optimu: 
lies between 7.3 and 7.7. This factor appears to 
Pigment production. Results are expressed in table 1. paramount importance because deviations of less 
The most suitable media for pigment production were a unit with reference to the optimum point showed 
Bottcher-Conn’s and Czapek’s. We preferred the former differences in the relative pigment intensity. A pH 
to the latter for two reasons: 1) the pigment was pro- than 5.4 or higher than 9.9 allowed neither growt 
duced very rapidly and in large quantities, and 2) after pigment production. 
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Influence of pH on the production of pigment by 


Streptomyces coelicolor 


E PIGMENT 
NSITY 


Sons 3 1 91 OO SS 


100 
45 6S .: 
Ad 51 
60 17 
75 f 38. 
00 ( 7 
65 0 
no growth; + 


scarce growth; Various 


ities of growth 


23. Influence of ten perature on the production of pigment 


by Streptomyces coelicolor 


pH PHOTOCOLORI 
METRIC 
READING 


RELATIVE 
PIGMENT GROWTH 
INTENSITY 


(2.42 
100.00 
100.00 

69.09 


12.72 


‘ 
‘ 
‘ 
‘ 
‘ 
‘ 


no growth; +: searce growth; various 


ities of growth 


vmperature. As presented in table 3, the optimal 


pept 
Pool 

I) 
CXPe 
har 
t tl 
men 


| 


erature for both growth and pigment formation 
etween 28 and 30 C. A similar conclusion was 
i from table 1. 

hon and nitrogen sources. The best carbon sources 


igment production were: D-mannose, glycerol, 
ise, and p-xylose, as shown in table 4. Mannitol 
cant pigmentation, L-arabinose almost negligible, 
nulin none. These results agree with those of 
ane and Conn (1947). 

best nitrogen sources were sodium Caseinate and 
ie; gelatin, nitrate, and ammonia salts gave very 
esults. 

ulum. Table 5 shows that results obtained in the 
nents could not be greatly altered even if the 
i Were not quantitatively uniform, since the size 
inoculum appeared to have no influence on pig- 
roduction. 


tion. Under the conditions of our experiments, 


TaBLe 5. Influence of size of inoculum on the 


TABLE 4 Influe nce of carbon and nitrogen sources on the 


production of pigment by Streptomyces coelicolor 


RELATIVE PIGMENT 
INTENSITY 


Carbon (1% 
None 
Cilucose 
Galactose 
b-Mannose 
Fructose 
D Xylose 
L-Arabinose 
CGlveerol 
Mannitol 
Inositol 
Raffinose 
Inulin 


Starch 


Nitrogen: 
NaNO, 0.64 (g/L 
Urea* 0.24 (g/L) 
NH,)2HPO,* 0.50 (g/L). 
CH;COONH,?* 0.58 g 7). 
Asparagine* 0.50 (g/I. 
Peptone 1.00 (g/L) 
Tryptone 1.00 (g/L 
Gelatin 1.00 (g/L 
Sodium caseinate 1.00 (g/L). 


* Total nitrogen 0.6 g per liter. 


production of 
pigment by Streptomyces coelicolor 


PHOTOCOI 
ORIMETRIK 
READING 


RELATIVE 
PIGMENT 
INTENSITY 


INOCULUM 


INITIAL pH apnscabaieties 


NAL pH 


74 61.66 
78 65.00 
11) 93.00 
109 90 83 
120 100.00 
116 96.66 
71 59.16 
60.83 
21 
$8 3: 
16.£ 
wD. 
$1.66 


Cu de de Ww OW ON 


HFM OS ZX 


St 


neration seemed to inhibit pigment production. This 
fact is difficult to explain because it is known that pig- 
mentation appears under aerobic conditions. 
Purifgation. A number of workers have studied this 
pigment. Miller (1908) developed an extraction pro- 
cedure using a potato medium; Kriss (1936) reported 
another method and indicated anthocyanidin properties 
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TABLE Antimicrobial spectrum of the purified pigment of 


Streptomyces coelicolor 


ACTIVITY 
(UNITS PER MG) 


TEST MICROORGANISMS 
Escherichia coli W*.... eA 7 
Micrococcus pyogenes var. aureus W. 
Bacillus subtilis 27 W... 
Bacillus subtilis 33 W.. 
Bacillus mycoides W.... “ 
Micrococcus lysodeikticus W. 
Mycobacterium phlei W........ 
Rhizobium meliloti RM 38 DA* 
Rhizobium japonicum RJ DA 
Fusarium sp. 4 DA... 


*W: Waksman Collection. 
** DA: Direccién de Defensa Agricola (México, D. F.). 


for his preparations; Erikson ef al. (1938) suggested 
that it could be a polyhydroxiphenazine. Frampton and 
Taylor (1938) concluded that not all of the pigments 
are alike; some were similar to Miiller’s preparations 
and at the same time different from Waksman’s Acti- 
nomyces violaceus-ruber pigment. Dr. Waksman men- 
tions a similarity in chemical structure between azolit- 
min and his strain pigment on one hand and that of 
Miiller on the other. Oxford (1946) obtained some 
preparations with a total protein N content of 1.9 per 
cent which he considered a residual protein contamina- 
tion. The pigment produced by the strain of Streptomy- 
ces coelicolor used in this study had the same N content 
(Kjeldahl) and the same solubility characteristics, 
which suggests that such nitrogen would form a part of 
the pigment molecule itself. By repetition of the purifi- 
‘ation process on a portion of the purified pigment, the 
same amount was obtained. That this suggestion could 
be valid, however, depends on further verification. 

In our procedure for purification, using 2 liters of 
Bottcher-Conn’s medium, it was possible to obtain 100 
mg pigment per liter; Oxford obtained only 5 mg per 
liter. Whether this higher yield was due to the strain or 
to the medium used, was not determined. The nitrogen 
data indicate, in agreement with Oxford, that the pig- 
ment is not an anthocyanidin, nor phenazine and that 
it does not have azolitmin characteristics. 

Antimicrobial spectrum. Table 6 shows that the pig- 
ment had only antirhizobie activity. This simple bio- 
logical test differentiates the pigment from litmocidin 
(Gause, 1946) and possibly it could be used to solve 
Conn’s problem in the sense that not all of the pigments 
produced by different Streptomyces coelicolor strains are 
the same. 


SUMMARY 


A strain of Streptomyces coelicolor, isolated from Mexi- 
can soils, was studied with special reference to the pro- 
duction of its pigment and the antibiotic properties of 
this substance. 
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It was found that the quantity of inoculum had 
influence on pigment production. Bottcher-Conn’s 
dium gave the best results; the optimum temperat 
for growth was 28 to 30 C; and the most favorable 
was between 7.3 and 7.7. This strain used mannose 
glycerol as sources of carbon, and sodium caseinate 
peptone as sources for nitrogen. Aeration of the cult) 
inhibited the production of pigment. 

For the purification of the pigment, a procedure ba 
fundamentally on the property of the precipitatio 
the substance from its aqueous solution with HCl 
lowed by redissolution in ammoniacal, acetic or acet: 
media was used. During the first steps of purificat 
the use of organic solvents allowed for the extrac 
of a great deal of impurities. 

In the preparations obtained by this procedur 
nitrogen content of 1.9 per cent was found, whi 
similar to the value obtained by Oxford. 

The substance was found active only against s: 
species of Rhizobium and it is assumed that this prop: 
might be useful as a test in the differentiation of sin 
pigments. 
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Cutting oils are commonly used in machine shop op- 
erations as lubricants in the cutting and grinding of 
metals. Two types of cutting fluids are used, the straight 
oils and the soluble oils. The straight oils are usually 
mineral oils with or without chemical additives and 
admixtures of fatty oils. They are used as they are pre- 
pared by the manufacturer or they may be diluted with 
light mineral oils. The soluble oils are mineral oils 
solubilized with such materials as soaps of rosin, tall oil, 
petroleum sulfonates or other emulsifying agents. They 
are usually mixed with varying amounts of water to 
form stable, milky emulsions. The straight oils do not 
support microbial life but the soluble oils, when dis- 
persed in water for use in machine shop operations, are 
excellent media for bacterial growth. 

Many species of bacteria have been found growing in 
soluble oil emulsions (Duffett et al., 1943: Lee and 
Chandler, 1941) and previous investigators (Duffett et 
al., ‘943; Weirich, 1943) have reported the isolation of 
coliiorm bacteria from them. Whether the coliforms are 
of he portance from a public health consideration is not 
yet <nown but one investigator (Dolge) has reported 
that feces and other body discharges have been found 
ini) lustrially used emulsions. 

T is investigation was undertaken to study: a) the 
hum er and types of coliform bacteria in soluble oil 
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emulsions used in industry, b) the growth of organisms 
from feces inoculated into soluble oil emulsions in the 
laboratory, and c) the antagonism of nonlactose fer- 
menting bacteria (predominantly Pseudomonas species) 
towards coliform bacteria in soluble oil emulsions. 


EXPERIMENTAL METHODS 


The numbers of coliform bacteria in soluble oil emul- 
sions obtained from several industrial sources were de- 
termined by the Most Probable Number technique 
(A.P.H.A., 1946) and total bacterial populations were 
determined by the plate-count method using m/20 
phosphate buffer at pH 7.0 as diluent and nutrient agar 
as the plating medium. Colonies were counted after 
{8-hr incubation at room temperature. Types of coli- 
form bacteria were determined by examination on eosin- 
methylene blue agar and by the IMViC reactions. 

The growth of fecal organisms in soluble oil emulsions 
was determined by distributing two g of feces in an ap- 
paratus (Pivnick and Fabian, 1953) containing an 
emulsion composed of 2 per cent soluble oil in tap water 
and circulating the mixture through iron chips. Plate 
counts of the bacterial population were made at appro- 
priate intervals. After 40 days, counts of lactose-fer- 
menting organisms were made on Endo medium and of 
the 6,800,000 organisms per ml present, 75 per cent 
fermented lactose. 

Industrial samples of soluble oil emulsions, which 
contained predominantly members of the genus Pseudo- 
monas, were mixed with inocula from the above-men- 
tioned emulsion in which coliform bacteria had grown 
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for 42 days. These mixtures were used for the study of 
antagonisms. The inocula were mixed to give approxi- 
mately the following ratios of coliform to noncoliform 
organisms: 10 to 1, 1 to 1, and | to 10, and these then 
were introduced into freshly made emulsions containing 
2 per cent of soluble oil in tap water. Besides introducing 
mixed inocula into fresh emulsions, equal volumes of 
two emulsions were mixed, one emulsion having been 
inoculated 42 days previously with feces and the other 
having been inoculated at the same time with sludge 
obtained from an oil pit in a machine shop. Seventy- 
eight per cent of the organisms in this mixture 
fermented lactose. All emulsions were circulated continu- 
ously through iron chips in order to simulate machine- 
shop conditions. 

In order to follow any changes in the relationship of 
coliform to noncoliform organisms, bacterial popula- 
tions were determined at 0-, 7-, 17-, 26-, and 70-day in- 
tervals. Total numbers were determined by the plate- 
count method on nutrient agar and numbers of coliform 
bacteria on Endo medium at 0-, 7-, 17-, and 26-day 
intervals, and by the M.P.N. method at 26- and 70-day 
periods. It was necessary to use the M.P.N. method 
when coliform counts were low because the introduction 
of undiluted emulsion into Endo medium rendered this 
medium useless for the detection of lactose-fermenting 
bacteria. 

As a check on the Endo plate-count method, 17 colo- 
nies which were regarded as lactose fermenters and 17 
colonies which were regarded as nonfermenters were 
inoculated into brilliant green bile lactose broth. Sixteen 
of the supposed lactose fermenters did ferment lactose 
in the broth, and 16 of the supposed nonfermenters did 
not ferment lactose. As a check on the M.P.N. method 
all positive tubes from the 70-day determination were 
confirmed in brilliant green bile lactose broth and on 
eosin-methylene blue agar. 


RESULTS 
Coliform populations in soluble oil emulsions obtained 


from industry were small. Table 1 shows that of 22 
samples investigated only 11 contained any coliform 


TABLE 1. Coliform bacteria in industrial samples of soluble 
oil emulsions 


SAMPLE NO. | TOTAL BACTERIA PER ML COLIFORM BACTERIA PER ML 


2,350,000 2,500 

. | 650,000 250 

: 300 ,000 2 

6 $300,000 92 

14 105,000 15 
15 7,650,000 250 
17 5,570,000 10,000 
18 | 17,500,000 920 
19 6,870,000 92 
20 43 ,400 2,500 
20 ,300 ,000 92 


TaspLeé 2. JWViC reactions of 33 cultures isolated on e 


methylene blue agar from soluble oil emulsions 


NO. OF 
CUL- 
rURES 


10 
9 
3 


8 
l 
] 
| 


bacteria and these were present in relatively si 
numbers. 

Several coliform types were found although typ cx 
Escherichia coli was not among them. Table 2 shows | 
19 of the 33 cultures (types A and B), isolated | 
eosin-methylene blue agar as typical coliform organi 
gave IMViC reactions for Aerobacter aerogenes. Foi 
the cultures (types C and E) probably belong to 
species Escherichia freundii though sufficient test 
identify them positively with this group were not m 
Kight cultures (type D) produced neither a pos 
methyl red test nor a positive Voges-Proskauer 
while two cultures (types F and G) were positiv: 
both of these tests. 

Figure | shows the ability of bacteria from fece- 
grow in a soluble oil emulsion. There was no percept! 
lag phase and only a very slow death rate indic: 
that the fecal organisms adjust readily to this medium 
After 780 hours 78 per cent of the organisms were found 
to be capable of fermenting lactose in Endo medium 

Figure 2 shows the antagonism of the pseudomo: 
which predominated in soluble oil emulsions uss 
industry, towards coliform bacteria. Regardless oi 
percentage of coliform bacteria at the beginning 
per cent in flask A; 84.6 per cent in flask B; 10.8 pet 
in flask C; and 77.7 per cent in flask D) there was al 
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G. 2. Antagonism of nonlactose fermenting bacteria to 
rm bacteria in soluble oil emulsions. At beginning of ex 
ient flask A, B, and C contained respectively 53.6, 84.6 
0.8 per cent of total number of bacteria as coliform or 
ms inoculated into fresh emulsion. Flask D contained 
er cent of total bacteria as coliform organisms. The emul 
n flask D was a mixture of two 42-dav-old emulsions, one 
ining coliform bacteria and the other Pseudomonas sp. 


a rapid drop in the relative number of coliform organ- 
isms. At the end of 70 days only a very small percentage 
0.003 and 0.0004 per cent) of the bacteria in flasks A 
and D, respectively, were coliform organisms, while 
there were no coliforms in flasks B and C. 

When coliforms and noncoliforms were introduced 
uto fresh emulsion (flasks A, B and C) the absolute 
number of coliform bacteria increased for a few days 
even though the percentage of coliforms showed a gen- 
eral decrease. When soluble oil emulsions which had 
grown coliforms and pseudomonads for 42 days were 
mixe'1in equal volumes (flask D) both the absolute and 
rela’ ve number of coliform bacteria decreased continu- 
ous. although the total bacterial population remained 
stat nary. 


DISCUSSION 


tose-fermenting coliform bacteria grow well in 
» oil emulsions although under industrial condi- 
he relative number of these organisms was small. 
sible explanation for the scarcity of coliforms 


und industrial conditions was the antagonistic activ- 
ity 


Pseudomonas species which, generally, do not 
pros 


‘e water soluble pigments. This antagonism is 
one-- led in the sense of Waksman (1947) because re- 


gardless of the proportion of coliforms in the inoculum 
they were always in the minority after a few days’ 
growth. The only species of Pseudomonas mentioned as 
antagonists in recent work on this subject (Florey ef al., 
1949) were P. aeruginosa, P. fluorescens, and P. chloro- 
raphis. These organisms were not among 94 cultures 
studied (Pivnick, 1952) nor were such types observed 
in growth in several hundred Petri dishes used in studies 
of bacteria in soluble oils. This may indicate new types 
of Pseudomonas as antagonists and new sources for 
their isolation. 

The types of coliforms which were found in industrial 
samples were those which might be expected from a con- 
sideration of the survival of fecal organisms outside of 
the gut. Although cells of typical 2. coli (IMViC reac- 
tions ++ ——) are much more numerous than cells of 
other coliform organisms in the fresh feces (Parr, 1936; 
Taylor, 1942), most workers agree that 1. aerogenes and 
coli-aerogenes intermediates survive longer than LE. 
coli outside the gut. All the types of coliform bacteria 
listed in table 2 have been found by other investigators 
(Parr, 1938; Wilson, 1935) in feces or milk, although 
cells of type D were more numerous in the soluble oil 
emulsions than found in feces and milk by others. 


SUMMARY 


Coliform bacteria were absent, or were present only 
in relatively small numbers, in soluble oil emulsions 
from industrial sources. Escherichia coli was not found 
but Aerobacter aerogenes and coli-aerogenes intermedi- 
ates were present in these soluble oil emulsions. Coliform 
bacteria from feces grew readily in soluble oil emulsions 
but quickly disappeared or were greatly reduced in 
number, probably due to the presence of Pseudomonas 
species which predominated in this medium under in- 
dustrial conditions. The antagonism was one-sided. 
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The importance of psychrophilic bacteria in the 
dairy field has been recognized for half a century (Bi- 
schoff, 1903; Conn, 1903). While perhaps not growing 
optimally, these organisms are capable of considerable 
development at refrigerator temperatures and may con- 
stitute a serious commercial and legal problem. Many 
species attack milk constituents and produce undesir- 
able flavors and odors. Others grow on the surface of 
products like butter and cottage cheese and develop a 
slimy or discoloration defect. Certain species, which 
produce no detectable change, may multiply rapidly 
during refrigerated storage and may raise the bacterial 
count above that acceptable as a legal maximum. 

This problem has recently received considerable at- 
tention due to commercial innovations which save labor 
but necessitate the holding of dairy products in storage 
for longer periods of time. The prolonged holding periods 
between the time of commercial processing and actual 
consumption and their effect on the numbers and types 
of milk flora have been investigated by Dahlberg (1946), 
Burgwald and Josephson (1947), Erdman and Thornton 
(1951) and Parker, Caldwell, and Elliker (1953). It has 
been found that most dairy psychrophiles are members 
of the Pseudomonas, Achromobacter, and Flavobacterium 
genera (Jezeski and Macy, 1946) and that the most 
probable sources of contamination are soil, water, and 
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dairy utensils (Thomas, Thomas, and Ellison, 1!!!) 
Most dairy psychrophiles do not survive pasteuriza(iou 
exposures (Kennedy and Weiser, 1950), and their pres- 
ence in pasteurized products is attributed to post as- 
teurization contamination (Watrous, Doan, and Joseph- 
son, 1952; Rogick and Burgwald, 1952). Recent. work 
by Olson et al. (1953) has shown that psychrophiles in 
market milk can be controlled adequately by prope 
pasteurization and careful sanitation practices. 
Nevertheless, several important aspects of psycliro 
philic development in dairy products are still unsolved 
Apart from the studies by Gubitz (1928) and Luxwolda 
(1911), investigations on the characteristics of bacterial 
growth at low temperatures were conducted mainly ou 
meat (Miiller, 1903) and fish (Hess, 1934; Castell, 
1950). This project was undertaken in order to stud) 
several psychrophiles of dairy origin, and, in particular, 
to determine how various incubation temperatures in- 
fluenced their growth and physiological activity. 


EXPERIMENTAL PROCEDURES 


Three different, typical psychrophiles isolated ‘rom 
creamery water supplies were chosen for this stidy. 
The cultures selected were: Ps. #* 48, a strain of Aer: /ac- 
ter aerogenes which could produce acid and gas at !ow 
temperatures; * 92, a strain of Pseudomonas which was 
actively proteolytic in milk; and a fluorescent sp cies 
of Pseudomonas, * 69, which could hydrolyze butt« {at 
The first two cultures were grown in reconstituted ‘im 
milk which was sterilized at 120 C for 18 minutes. [he 
latter culture was grown in an artificial cream prey red 
from nonfat dry milk solids and sterile homoge: zed 
butterfat. The cream contained 20 per cent by w: ght 
of butterfat and also was sterilized at 120 C. 

The flasks of skim milk and cream were seeded ‘itl 
equal amounts of a broth culture of the specified 0: :a0- 
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which had been prey iously incubated at 10 © for 
urs. Replicate flasks, after inoculation, were ineu 
1 at 35, 30, 20, 15, 10,5, and 0 C. At suitable inter- 
ifter inoculation, samples were aseptically removed 
culture flasks for bacteriological and biochemical 
ses. Viable counts were obtained by the usual 
lard plate count procedure for milk 
¢ Health 1948). Plates 


American 


Association, were incu- 


ite Lat 20 C for 5 days before counting. 


al 


e acidity produced by the Aerobacter strain was 
ed with 0.1 N NaOH to the phenolphthalein end 
Proteolytic activity of the Pseudomonas strain 
was estimated by the formol titration (Association 

) ficial Agricultural Chemists, 1945). Fat hydrolysis 


yc lture *69 was measured by a procedure proposed 


Labert, Smith and Thornton (1949). All pH meas- 


nents were made with a Beckman model H-2 pH 


OTE 


RESULTS 


Studies on the growth curves of two Pseudomonas 


pe 
v 


ren 


cies and the Aerobacte: these 


culture showed that 
aiisms were capable of normal development at any 


perature between O and 30 C. At 35 C, however, 


either of the Pseudomonas species would grow, and 


n the Aerobacter strain was inhibited. 


The results of a typical series of trials are presented in 


PLATE COUNT 


STANDARD 


figure 1. This chart illustrates the development of the 
psvchrophilic Aerobacter aerogenes in skim milk during 
the initial 225 hours of growth. Similar results also were 
obtained with both Pseudomonas cultures. It can be 
seen that changes in temperature of incubation influ- 
enced every stage of growth. Lower temperatures re- 
sulted in extended lag phases, longer and slower loga- 
rithmic phases, and maximum stationary phases of higher 
population and longer duration. Where the death phase 
was observed, at 30 and 35 C, it was entered into more 
quickly and progressed more rapidly at the higher tem- 
perature. It is noteworthy to point out that the organ- 
isms exhibited a “normal” growth eycle at each tem- 
perature studied, and that these cycles differed from 
each other in degree rather than in fundamental charac- 
teristics. Furthermore, it can be seen that even though 
these cultures are psychrophilic, in that they proliferate 
quickly at refrigerator temperatures, their development 
was retarded by each successive drop in temperature 
from 30 through to 0 C. 

Aerobacter aerogenes was the only culture which grew 
at 35 C, and at thistemperature its growth was less rapid 
than at 30 C. Apparently, the relatively high heat inac- 
tivated certain essential enzyme systems associated with 
cell division, and this effect was more pronounced than 
the growth acceleration which temperature increases 
had produced in the other portions of the growth range. 
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Fig. 2. The effect of low incubation temperatures on the growth of Aerobacter aerogenes (Ps. 


Though temperatures between 30 and 35 C were not 
studied, it could be expected that a similar phenomenon 
would be observed in this range in the case of the Pseu- 
domonas cultures. 

At the end of 200 hours, the cultures incubated above 
5 C had already entered their maximum stationary 
phase. At 0 and 5 C, however, this stage of development 
was not reached until after 400 hours. In order to illus- 
trate more clearly the growth characteristics in the re- 
gion of the freezing point, figure 2 is presented. This 
chart is essentially the same as the one mentioned 
previously except that the time axis is compressed. 

Two criteria which are usually used to determine 
optimum growth conditions are generation time and 
maximum population. The former is an indicator of 
speed of cell division, whereas the latter takes into ac- 
count cell destruction as well as cell production. The 
generation times and maximum viable counts of the 
three cultures studied are summarized in table 1. These 
data show that as the temperature is decreased, the rate 
of cell division is markedly diminished while the ulti- 
mate viable population is increased. It appears that 
factors which lead to bacterial destruction and autolysis 
are inhibited by refrigeration temperatures to an even 
greater extent than are the factors which lead to cell 
production. Table 1 shows further the difficulty en- 
countered in designating any one temperature as 
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tween the two criteria for optimum. 


because of the obvious discrepancy 


The high counts obtained during incubation 


frigerator temperatures are also worthy of mei 
Starting with a relatively small number of cells, 


per ml, the population climbed to well over 5 b 


viable cells per ml in less than 10 days at 10 C, \ 
is not an uncommon temperature in household refr 
tors and commercial sales showcases. 

Studies on the biochemical activities of the 
cultures indicated that a definite relationship e 
between the observed deteriorative changes an 
numbers of viable cells present, as well as the st: 
growth of the cultures. Table 2 lists the microbial | 
lation encountered at the approximate time w! 
chemical change in the milk or cream could be «! 
tatively detected. In every case, the first meas' 
change in acidity, formol titer, and ether solubl 
titer occurred just as the respective culture causi! 
change was entering the phase of maximum stati 
population. Furthermore, despite the wide ran 
temperatures that were studied, the first meas 
change in chemical constitution of the product coi 
with a relatively narrow range of cell counts. Prot 
occurred when the cell count lay between 1.1 X 
1.5 X 10° cells per ml. Lipolytic activity became 
urable when the cell count ranged from 1.3 X 
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TaBLE 1. A comparison of generation times and maximum viable counts observed at various incubation temperatures 


hacter aerogenes Ps. #48 
neration time (hi 37.7 12:2 
ximum count 1 X 10'° 9.6 & 10% 
‘jj ne Maximum count observed (hr) 1368 1500 
lomonas sp. *92 
uv neration time (hr 26.6 M7 
ximum count i xX oP 
Ti ne Maximum count observed (hr) 1512 1347 
lomonas sp. *®69 
eration time (hr 29.1 14.7 
ximum count 4:2 X10 | 6.256 10° 
ie Maximum count observed (hr) 1512 1347 


xperiment terminated after 240 hours incubation. 


1.3 X 10'° | 3.4 < 10% 


5.1 X 10” 


INCUBATION TEMPERATURE 


15 C 


4.1 2.24 1.29 0.754 0.97 
ox 10 7:9 5¢ 6.0 * 10° 2.0 < 10° 2.1 &% 106° 
240* 320 240 18 10 


5.43 2.34 1.65 0.90 
8 X 10? | 6.9 * 10° Lt 3 
240* 553 240 36 


6.52. 2.65 1.90 0.75 
2.9 X< 16 bd L.2 Xae 
240* 384 168 96 


TABLE 2. Time and viable count coinciding with first chemically detectable change in product 


DETERIORATIVE CHANGE 


\cid production (Aerobacter aerogenes 

in skim milk) 
Time 21 days 
Population 2.2 X 108 


8 days 
Lo x 1¢ 
roteolysis (Pseudomonas sp. in skim 
milk) 

Time 39 days 

Population 1.5 X 10° 


16 days 
8.6 X 108 
Lipolysis (Pseudomonas sp. in cream) 

Time.... 35 days 

Population 9.1 xX 10 


24 days 


13 X 10° per ml. The titratable acidity showed its 
initial rise when the population reached 8.4 X 107 to 
7.) X 108 per ml. From these data it can be presumed 
that the primary effect of temperature is on the growth 
of the culture, rather than on the activity of the bacteria 
themselves. 

The Aerobacter aerogenes culture, (figure 3) produced 
acid at every temperature studied. At 30 and 35 C, 
acidity developed more rapidly and to a greater extent 
than at any other temperature. Below 30 C, acid was 
produced gradually until a maximum titer of 0.52 per 
rent to 0.61 per cent (calculated as lactic acid) was 
reached. Subsequently, the titratable acidity values 


dimi: ished. This phenomenon was due, presumably, to 


the Ccearboxylation of the organic acids formed, an 
assuption which was supported by the observation 
that “urge quantities of gas were produced below 30 C 
comp red to a negligible amount at the higher tempera- 
tures 
Th proteolytic activity of culture #92 and the 
lipoly ic activity of culture * 69 are illustrated in figures 
| tanc 5, respectively. In both of these studies, it can be 
} een ‘iat the most rapid changes occurred near the 
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maximum temperature of growth. Considerable dete- 
rioration, however, was also observed even at 0 C. These 
data would further affirm that low temperatures alone 
are insufficient to preserve dairy and food products 
from bacterial attack, particularly if extended storage 
periods are involved. 

It is evident from a study of the rates of growth and 
of biochemical activity that these processes are pro- 
foundly influenced by small changes in temperature. It 
also appears, however, that the uniform changes of 
temperature did not result in a uniform change of 
microbial development and activity. For example, a 
decrease of five degrees from 5 to 0 C increased the 
generation time of Aerobacter aerogenes from 12.2 hours 
to 37.7 hours, whereas a similar decrease of five degrees 
from 20 to 15 C resulted in an increase from 1.29 hours 
to 2.24 hours. Consequently, the temperature coeffi- 
cients of growth and biochemical activity were calcu- 
lated in order to provide a mathematical basis for 
comparison of the various temperature effects. These 
results are summarized in table 3. In every case, the 
initial rise in temperature from 0 to 10 C brought about 
the most significant increase in the rate of reaction. 
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Fic. 3. The effect of incubation time and temperature on the acidity produced in skim milk by culture Ps. #48 (‘¢ 
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Fig. 4. The effect of incubation time and temperature on the proteolytic activity of culture *92 (Pseudomonas sp.) ¢ 
in skim milk as measured by the formol titration. 
114 
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The effect of incubation time and temperature on the lipolytic 


1 as measured by the ether soluble acidity titration. 


Subsequent temperature increases, of the same order of 
magnitude, also accelerated changes, but their effect 
was not so marked. These Qio values provide an insight 
into the kinetics of growth and physiological activity at 
various temperatures, and can be used to make approxi- 
mate predictions regarding the keeping time of food 
products at various temperatures. 


Tapie 3. Temperature coefficients of the growth and biochemical 


activity of three typical psychrophiles 
TEMPERATURE COEFFICIENTS (Qio)* 


ERATURE {erobacter aerogene Pseudomonas sp 
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\NGE 
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velocity coefficient at temperature / 
bacterial count or chemical titer at start of 
time 7 
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duration of logarithmic growth phase or active 
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activity of culture ®69 (Pseudomonas Sp growing in 


One phase of these studies dealt with the effect of in- 
cubation temperatures on the biochemical reactions 
used in bacterial identification. Using the three psy- 
chrophilic cultures as test organisms, it was found that 
though physiological activity was manifested throughout 
the growth range, the observed “pattern” of activity 
varied greatly as the temperature was changed. The 
Pseudomonas culture * 92 liquefied gelatin at 0, 10 and 


20 C, but seemed to lose this power at higher tempera- 
tures. On the other hand, with this culture glucose 
fermentation was observed only at 30 C, but not below. 
The Aerobacter aerogenes strain produced acid and gas 
from sugars when incubated between 0 and 30 C, but 
became anaerogenic at 37 C. 


Aerogenesis was regained 
upon subculturing at a lower temperature. In general, 
it was observed that the primary influence of tempera- 
ture was upon the rate at which a reaction proceeded. 
At various incubation temperatures, however, the ac- 
tivity of certain enzyme systems was so much more 
pronounced or so much more inhibited that the net 
result was a qualitative change in the biochemical 
characteristics of the cultures. 


DISCUSSION 


A certain amount of confusion exists in the literature 
in regard to the definition of the term ‘psychrophile.”’ 
Several authors (Gubitz, 1928; ZoBell, 1946) objected 
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to the term because it implies “‘cold loving” whereas the 
organisms under consideration actually grow faster as 
the temperature is increased. On the other hand, when 
total crop yield is used as the criterion of optimum con- 
ditions, these bacteria are psychrophilic in the true 
sense of the word. Furthermore, this definition is com- 
plicated by disagreement of temperature requirements 
of “true” as compared to “facultative” psychrophiles. 
The essence of this disagreement is of greater academic 
than practical importance. In the dairy and food indus- 
try, the term psychrophile is applied to any organism 
which can proliferate in a relatively short time under 
refrigerator conditions, and that is the definition 
which is accepted in this paper. 

The very high viable counts and the prolonged dura- 
tion of the maximum stationary phase which was ob- 
served at the lower incubation temperatures have some 
important implications for the practical dairyman. It 
is possible at these temperatures to produce a large 
number of cells which may serve as a potential source 
of relatively large concentrations of proteolytic and 
lipolytic enzymes. Subsequent temperature increases 
could accelerate the action of these enzymes and serious 
deterioration would result. Furthermore, billions of cells 
growing on the surface of such products as butter or 
cottage cheese could develop a slimy or discolored de- 
fect, particularly if the organisms are chromogenic or 
fluorescent. 

The calculated temperature coefficients show ap- 
proximately how much a given temperature change 
within a certain range would accelerate or slow down a 
biological reaction. It can be seen from the results that 
a small decrease in temperature close to the freezing 
point would inhibit growth more than a corresponding 
decrease in temperature at a higher level. For example, 
growth of the Aerobacter species was decelerated 1.6 
times when the temperature was lowered from 30 to 
20 C. A subsequent drop from 20 to 10 C inhibited 
growth even more effectively. The final decrease, from 
10 to 0 C, had the most marked effect on the growth 
rate, since the organism developed 9.1 times faster at 
the higher temperature than at the lower. These results 
‘an also be interpreted to show the profound effect 
small temperature changes have on the keeping time of 
refrigerated milk. If the initial increase in formol titer 
(see figure 4) is taken as an indication of the time when 
deterioration commenced, it can be seen that when the 
temperature was lowered from 30 to 10 C, the keeping 
time was increased from 1 day to 4 days. A further drop 
of five degrees, however, added 12 more days to the 
keeping time. The greatest effect was shown by lowering 
the temperature another five degrees to the vicinity of 
0 C. Thus, milk which remained unchanged for 4 days 
at 10 had a keeping time of 16 days at 5 and 32 days at 
0 C. These data clearly illustrate the advantage gained 


by cooling market milk to temperatures at or below 
F (5 C) rather than to 50 F (10 C). 

The observation that neither of the Pseudom 
cultures grew at temperatures above 30 C indicates | 
these organisms would not be included in a plate 
if the plates were incubated at 32 to 35 C. Similarly, 
psychrophilic A. aerogenes which would not prod 
gas at 37 C would remain undetected if a presump 
coliform test in brilliant green bile broth were i 
bated at that temperature. Nevertheless, these or; 
isms would be present in the product and would be 
to proliferate relatively quickly during storage. T! 
fore, it is imperative during analyses to use met! 
which will measure this flora adequately. 


SUMMARY 

There exists a large group of microorganisms, in 
tant to the dairy industry, which are able to grow 
attack milk constituents at refrigerator temperat 
These organisms showed a relatively low maxi 
growth temperature, but when cultivated unde: 
proper conditions, they developed normally, exhib 
growth curves which were quite similar to thos 


other microorganisms. Growth at the low temperat ire 


was characterized by a long lag phase, a slow logs 
mic phase, and a high viable count. As the incub: 
temperature was increased, the lag phase was short: 
the rate of development was accelerated, the maxi 
viable count was diminished, and the death phas« 
entered into more quickly. The rate at which dete: 
tive changes were brought about in milk by 
organisms was also increased as the temperatur: 
raised. 

Temperature coefficients (Qi) for both growth 
biochemical activity were considerably higher nea 
minimum temperatures studied than they were a 
higher levels. In certain cases these values indi 
that cooling from 5 to 0 C increased the keeping tii 
milk by approximately the same number of days a 
cooling from 30 to 5 C. 

The observed biochemical characteristics of 
cultures was not constant, but varied as the incub 
temperature was changed. These bacteria cannot al 
be detected by routine bacteriological procedures 


REFERENCES 

American Public Health Association 1948 Standard M 
for the Examination of Dairy Products. 9th Ed. 
York. 

Association of Official Agricultural Chemists 1945 
and Tentative Methods of Analysis. 6th Ed. Washi: 
D.t. 

Biscnorr 1903 Uber Eismilech. Arch. Hyg., 47, 68. 

BurewaLp, L. H., ano Josepuson, D. V. 1947 The 
of refrigerated storage on the keeping qualities 0 
teurized milk. J. Dairy Sci., 30, 371 383. 

CastTELL, C. H., anp MacCatium, W. A. 1950 The 


li 
\ bet 
med 
nan 
diun 
Hey 
wit] 
Vas 


diur 





In 


A b 


med 


hanes 


diu 
Hey 
wit] 
Vas 


diur 


DEHYDRATED MEDIU 


‘mperatures close to freezing on the storage of fish. 
isheries Research Board Can., 8, (2) 111. 

{.W. 1903 The relation of temperature to the keep 
property of milk 
Bull. 26. 

rG, A.C. 1946 The relationship of the growth of all 
eria and coliform bacteria in pasteurized milk held at 
J. Dairy , 29, 651-655 
AND THorRNTON, H. R Psychrophilic 


Connecticut (Storrs) Agr. Exp 


Sei 
1951 
milk and cream. I. 
Technol., 29, 232-237. 


Kaltebakterien 


igerator temperatures 
ee ae one 
teria in) dmonton 
Kinds. Can. J 

H. 1928 
itigung 
chwirtsch. Forsch., 5, (5) 407 

1934 Effects of low temperatures on the growth of 

ine bacteria. Contrib Biol 
Ser. C. Ind 16] 

a: 2. Macy, H. 1946 Cryophilic organisms 
vater and butter. J. Dairy Sci., 29, 489-452. 
py, L., AND Wetser, H. 1950 
teriaisolated from milk that grow within a psychrophilic 


Milk and Food Teechnol., 18, 353 


Numbers 


Beruck 
Milchwirtschaft. 


mit besonderer 


ihrer Bedeutung fir die 


Can. and Fisheries., 8, 


Dy) 


AND 
Some observations on 
perature range. J 


r, D. H., Smita, L 
n. J. Research. (F 


M., aNp Tuornton, H. R. 
27, 483. 


1949 


M 


Vs. FRESH T-H BROTH 117 

W. B. 1911 
Milchbakterien bei verscheidener Temperaturen 
Bakteriol. Parasitenk. Abt IL. Ref., 31, 129 

Miter, M. 1903 Uber das Wachstum und die Lebenstatig 
keit von Bakterien bei niederer Temperatur. 
47, 127. 

Oxtson, J. C. Jr., Wittovcusy, D. S., Tuomas, E. L., 
Morris, H. A. 1953 The keeping quality of pasteurized 
milk as influenced by the growth of psychrophilic bacteria 


J. Milk and Food Tech- 


LUXWOLDA, Wachstum und Wirkung einiger 


Zentr. 


Arch. Hyg., 


AND 


and the addition of aureomycin. 
nol., 16, 213-219. 

ParkKER, R. B., Catpwe i, A. L., aNnp Extiker, P. R 
Psychrophilic bacteria—a sanitation problem. J. 
and Food Technol., 16, 136-139. 

Roacick, F. A., anp BurGwaup, L. H. 1952 
which contribute to the psyehrophilic bacterial count in 
market milk. J. Milk and Food Technol., 15, 181-185. 

Tuomas, 8. B., Tuomas, B. F., anp Evuison, D. 1949 Milk 
bacteria which grow at refrigerator temperatures. Dairy 
Inds., 14, 921-925. 

Warrous, G. H. Jr., Doan, F. J., andJoserpnuson, D.V. 1952 
Some bacteriological studies on refrigerated milk and 
cream. Penn. State Coll. Agr. Exp. Sta. Bull. 551. 

ZoBELL, C. FE. 1946 Marine Microbiology 
tanica Co., Waltham, Mass. 


1953 
Milk 


Some factors 


Chronica Bo 


A Dehydrated Medium for the Preparation of Type Specific 


Extracts of Group A Streptococci 


ELAINE L. 


ommunicable Disease Center 


, Public Heaith Service, U 


UppyKE AND MARGARET I. NICKLE! 


.S. Department of Health, Education, and Welfare, Atlanta, Georgia 


Received for publication November 20, 1953 


studies involving the serological typing of Group 
ta hemolytic streptococci, it is essential to use a 


m which favors the development and mainte- 
of the type specific M protein. The standard me- 
recommended for this purpose is a modified Todd- 
t (T-H) broth (Swift, in Dubos, 1948), prepared 
i fresh infusion of beef heart. The present study 


ndertaken to determine whether a dehydrated me- 


‘ould be substituted for fresh T-H broth. 


MATERIALS AND METHODS 


ptococcus strains used in the study included both 
‘ultures? (types 1, 3, 4, 5, 6, 12, 13, 14, 17, 18, 
2st, 26, 26, 28. 29.30. 31, 33. 36, 37, 38; 41, 


1 46) and recently isolated cultures* of various 


h the technical assistance of Merry F. Selman. 

m Lancefield’s collection; obtained through the cour- 
Dr. Rebecca Lancefield, and the New York State De- 
t of Health Laboratories. 

‘rred to this laboratory from widely scattered parts 
uuntry for serological identification. 


types, the majority being strains of types 1, 3, 5, 6, 12, 
and 18. 

The fresh T-H broth which served as the control 
medium was prepared in the media unit of the Com- 
municable Disease Center according to the recom- 
mended modified formula (Swift in Dubos, 1948) except 
for sterilization in an autoclave (121 C for 20 minutes) 
rather than in an Arnold steam sterilizer. 

The following commercially available dehydrated 
media were studied: Difco Brain Heart Infusion Broth; 
Difco A-C Medium; Difco Tryptose Phosphate Broth; 
and BBL Trypticase Soy Broth. In addition, the Difco 
Laboratories supplied an experimental dehydrated me- 
dium prepared to conform in all respects to the modified 
T-H formula. 

The streptococcus cultures studied were grown si- 
multaneously in fresh T-H broth and in one or more of 
the test media. Extracts were prepared and tested ac- 
cording to Lancefield’s procedures (Swift, Wilson and 
Lancefield, 1943), that is, acid-heat extraction and 
capillary tube precipitin test. Comparisons were made 














118 KLAINE L. UPDYKE AND MARGARET I. NICKLE 








TABLE 1. Comparison of dehydrated media with fresh Todd 
Hewitt broth for typing group A beta 
hemolytic streptococci 


TEST MEDIUM FRESH TODD-HEWITT 


rOTAIL 
ME N Nc 
re No ar No ** STRAINS 
strains strains 
strains trains TYPED 
typed not typed not 
typed , typed 


Difeo Tryptose Phos 75 29% 100 ** 104 
phate 
Vs. 
Fresh Todd-Hewitt (72%) (96% ) 
BBL Trypticase Soy 59 23* S] aia 82 
vs. 
Fresh Todd-Hewitt (72%) (99%) 
Dehydrated Todd 105 5* 106 1 040 
Hewitt 
vs. 
Fresh Todd-Hewitt (95%) (96% 


* Typed only from fresh T-H. 


** Typed only from test medium. 





only between cultures which had been inoculated from 
a common source, extracted in parallel, and tested at 
the same time with antiserum from a single vial. 

The precipitin tests were read as follows: 1) Weak; 
precipitate throughout the column just visible with the 
naked eye after 2 hours incubation, settling to less than 
0.5 mm at the base of the column after overnight re- 
frigeration. 2) Moderate; larger and/or more numerous 
precipitate particles settling to 0.5 to 1.5 mm. 3) Sirong; 
particles settling to 1.5 mm or more. In keeping with 
the standard practice in this laboratory, weak reactions 
were considered unsatisfactory for type designation of 
the test cultures. 


{ESULTS 

Work with the Difco Brain Heart Infusion and A-C 
broths was discontinued early in the study after ob- 
servation that they gave markedly inferior serological 
results. 

Results with the other media are summarized in 
table 1. In every case a few cultures were typed from 
the test medium and not from the control T-H broth. 
However, with both the tryptose phosphate and 
trypticase soy broths this slight advantage was def- 
initely outweighed by the large number of strains typed 
only from T-H broth. On the other hand, the dehy- 
drated T-H broth‘ gave essentially the same net re- 


‘Bacto Todd-Hewitt Broth, now available from Difco 
Laboratories, Detroit, Michigan. 





sult as the fresh T-H broth since the five strains 
only from the fresh infusion were balanced } 
strains typed only from the dehydrated broth. 


DISCUSSION 


The results demonstrate that the standard 
drated media included in the study are inferior 
broth for the growth of group A streptococci wh 
to be typed serologically. That this inferiority 
due to the dehydration process per se is evider 
the production of a dehydrated medium which 
as satisfactory as fresh T-H broth. No attem 
made to determine what factor or factors mi 
responsible for the superiority of the T-H fi 
Others workers have emphasized the importan 
final pH of 7.6 to 8.0 (Lancefield, 1949) and the p 
of neopeptone (Elliot, 1945) in media used for » 
coccus serological studies. In the media tested 
criteria were met only by the T-H_ broths. 


} 
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SUMMARY 


A study was undertaken to determine wheth 
hydrated medium could be substituted for 


prepared Todd-Hewitt broth for growing group .\ bet 


hemolytic streptococci for serological typing. | 
standard dehydrated media were studied. Althouz! 


four supported growth of the streptococci, they wer 


definitely inferior to the fresh T-H broth in maint 
type specificity. A dehydrated medium, prepa 
conform in all respects to the T-H formula, gave ) 


entirely comparable to those obtained with the fresh 
prepared product. The study confirms previous report 


regarding the superiority of T-H broth for this s) 


ized work. In addition, it has been demonstrated th: 
the preparation of a dehydrated T-H medium is e1:' ire!) 


feasible and practicable. 
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ter many years of investigation on the theoretical 
an practical aspects of disinfection, the proper choice 
of disinfectant for use on inanimate objects. still 
remains a matter of great controversy (Klarmann and 
Wrieht, 1946, 1947 and 1948; Dubois, 1947; James, 
1947: Rahn and Van 1947; Klimek and 
1948; Stuart, Bogusky and Friedl, 1950; 
Klarmann, Wright, and Shternov, 1953). Much of the 
coniroversy arises from the innate complexity of the 
disinfecting procedure as performed in practice. The 
degree of cleanliness of the surface, the nature of the 
cleansing agent (if one is used), the composition of the 
surface, the technic used in applying the disinfectant, 
and the particular organisms to be encountered are 
among the more important factors which influence the 
proper choice of a disinfectant. 

A large number of test methods have been proposed 
which incorporate steps designed to study the effect of 
these factors on germicidal agents. As part of a large 
project involving the study of disinfection, this labora- 
tory has developed a performance test method intended 
to simulate actual-use The method is 
capable of being modified to incorporate many of the 
environmental factors affecting disinfection. In this 
presentation, the method has been used to study the 
antimicrobial efficiencies of several types of disinfect- 
ants on a stainless steel surface. 
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EXPERIMENTAL METHOD 











Development of Method 








Pre'iminary studies were directed toward developing 
amethod which incorporated steps identical with those 

























used practice. Initially, the technic consisted of 

}contarinating a large stainless steel surface, mopping 

S the a with the disinfectant, permitting the dis- 

Jinfect.at to aet for a period of time, and recoverng 

the su vivors. However, it was found that quantitative 

recoy of organisms from large surface areas using : 
TN 
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, Philadelphia, Pennsylvania 


standardized swabbing procedure could not be con- 
sistently attained. It was then decided to cut up the 
surface into one-inch squares,’ seed each, disinfect each 
by a standardized procedure, and recover the survivors 
from each square. It was found that quantitative re- 
covery of organisms from these squares could be 
achieved by either one of two methods: plating the 
squares directly into agar medium; or rinsing the 
squares in 20 ml of diluent and plating the diluent. 
The swab method was shown to be inferior to either of 
these procedures. Ultimately, the rinsing technic was 
chosen since it permitted differential culturing of 
different species from a single square. 

Since the test method was to consist of disinfecting 
dried films of organisms, test species were selected 
which were representative of broad pathogenic types 
and were relatively resistant to drying. Micrococcus 
pyogenes var. aureus was found to possess comparatively 
high resistance to drying and was chosen as a typical, 
pyogenic, gram positive coccus; Salmonella schott- 
muelleri was the most resistant of the enteric species 
tested; Trichophyton interdigitale possessed adequate 
resistance to drying and was selected as a_ typical 
dermatophytic fungus. The question of the statistical 
variation in the numbers of surviving cells recovered 
from films of organisms on replicate squares was subse- 
quently studied and found to be satisfactory. 

Later, it was found that the survival rate of the 
organisms in dried films varied significantly in experi- 
ments conducted from day to day. In the majority of 
tests, inoculation and drying of squares as outlined 
below gave 100,000 to 2,000,000 Micrococcus pyogenes 
var. aureus cells per square and only tests giving this 
range of survivors from control squares were included 
in the data presented here. With the fungus, the range 
was 5,000 to 25,000 spores per square with the majority 
of tests being in the upper range. The gram negative 
organism varied more widely; in the tests reported 
below, all control squares gave 50,000 to 2,000,000 

2 Stainless steel conforming to Specification MIL-S-854, 
Class 1, 16 gauge, condition ‘‘a,’”’ finish no. 4. 
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Salmonella schottmuelleri cells per square. During the 
course of the study, however, much lower numbers of 
Salmonella schottmuelleri. cells were occasionally — re- 
covered, and the results of these tests were discarded. 
Available evidence indicated that variation of the 
inoculum over the indicated ranges did not affect the 
activities of the disinfectants. At present, work is 
being continued on ways of overcoming the erratic 
drying effect with Salmonella schottmuelleri. 

Other factors which might affect the significance of 
this test method have been studied, but are too numer- 
ous to mention here. None of the factors investigated 
has been found to affect the validity of the procedure. 


Details of the Method 


As previously mentioned, the method consists of 
drying organisms on the surfaces of 1-inch stainless 
steel squares, applying the disinfectant to the surfaces 
for 10 minutes, and recovering the survivors. The 
method differs from other carrier-type technics in that 
a mixture of organisms is used, the squares are not 
immersed in the disinfectant, and the organisms are 
recovered quantitatively, rather than qualitatively. 
Details of the method are as follows: 

M. pyogenes var. aureus 209 and S. schottmuellert 
(ATCC #9282) are grown independently in nutrient 
broth consisting of 1.0 per cent Difco peptone, 0.5 per 
cent NaCl and 0.5 per cent Difco beef extract for 24 
hours at 37 .C. T. interdigitale (ATCC 9533) is grown 
on Difco Sabouraud maltose agar for 12 to 14 days at 
25 to 30C; the growth is scraped from the slant and 
suspended in water; the suspension is filtered through 
absorbent cotton and adjusted to a microscopic count 
of about 5,000,000 conidia per ml. Inoculum for the 
test is made by mixing 1.0 ml of each of the bacterial 
cultures with 1.0 ml of the spore suspension and 0.6 ml 
sterile broth. If organic matter is desired, it is substi- 
tuted for the sterile broth; using normal horse serum, 
a concentration of approximately 10 per cent serum is 
thus obtained on subsequent addition of the disinfect- 
ant to each square. 

A 0.025-ml aliquot of the inoculum is added to each 
square and spread uniformly with a platinum wire.* 
All squares are air-dried in an incubator at 20 C. The 
time for complete drying of these squares is approxi- 
mately 20 to 30 minutes and all squares are used imme- 
diately after complete drying. 

Various concentrations of disinfectant are made up 
in distilled water, 0.04 ml of each concentration added 
to each of a pair of dry, seeded squares, and the dis- 
infectant and organisms mixed thoroughly over the 
surface using a platinum wire with a curve instead of a 
loop at the end. This quantity of disinfectant is the 
amount found by Klarmann and co-workers to be 


3 A (0.2-ml Kahn pipet'¢ is used to measure the inoculum. 


deposited on a unit floor area during a standardi, 
mopping operation (Klarmann, Wright and Shtery 
1953). All disinfectant levels are tested in duplic: 


using sterile water instead of disinfectant on one | 


of squares as control. 

The disinfectant dilutions are permitted to act 
10 minutes. Each square is then dropped into 20 n 
diluent, scraped with a sterile policeman and sha 
For testing phenolics and cresylics, distilled wat: 
used as a diluent; for testing quaternary ammo) 
compounds, 0.07 per cent azolectin in aqueous 0.5 
cent Tween 80 is the diluent; for testing chk 
formulations, 0.5 per cent sodium thiosulfate is 
ployed. Aliquots of the diluent are then plated in 
of the following media: 

Penicillin nutrient agar medium: Nutrient | 
plus 2 per cent agar and 0.3 units crystalline peni 
G (potassium salt) per ml of medium. 

Polymyxin agar medium: Nutrient broth plus » 
cent agar and 150 units polymyxin B sulfate px 
of medium. 

Terramycin agar medium: Nutrient broth plus 
cent agar and 4 micrograms Terramycin hydroch 
per ml of medium. 

To prevent possible bacteriostasis in plating sury 
of quaternary ammonium disinfectants, the sam¢ 
centrations of azolectin and Tween 80 as used j 
diluent are added to the nutrient agar. The inhi! 
levels of the antibiotics remain unchanged o1 
addition of the quaternary inhibitor. The pen 
and polymyxin plates are incubated at 37C f 
hours and the colonies of surviving S. schottm 
and MM. pyogenes var. aureus cells in the resp 
media are counted. Counts of fungal survivo: 
made on the Terramycin agar plates after incu! 
at 25 to 30 C for 4 to 5 days, all bacteria being inh 
by the level of Terramycin used. 

The average percentage reduction for each « 
tration of disinfectant is calculated for each org: 
and the results are plotted as survival curves 
following disinfectants have been tested on a st: 
steel surface by this method: 

A pure quaternary ammonium salt of the str 
di-isobuty! phenoxy ethoxy ethyl dimethy| 
ammonium chloride (designated ‘“Quat A’’). 

A mixture of quaternary ammonium salts in a 
concentrate. The active ingredients are alkyl (( 
dimethyl! 3 ,4-dichloro benzyl ammonium chlori: 
alkenyl (Cis-C2) dimethyl ethyl ammonium h: 
(designated “‘Quat B’’). 

A detergent-sanitizer mixture consisting of 
cent of the above “Quat A” blended with a n 
detergent and inorganic salts (designated ‘Det: 
Sanitizer’’). 

A cresylic product containing a mixture o 
and cresylic acids (designated “Cresylic’’). 
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DISINFECTANTS FOI 


A synthetic phenolic formulation containing o-pheny! 
yhe ol and sodium ricinoleate as active ingredients 
de. gnated “Phenolic A” 

synthetic phenolic product of the emulsifiable type 
on uning a mixture of 4-chloro-2-phenyl phenol, 
j-cl oro-2-pheny! phenol and anhydrous potassium 
asior soap as active ingredients (designated ‘‘Phe- 
ili B’’). 

A dry inorganic chlorine formulation containing 
32) per cent sodium hypochlorite (designated ‘“Chlo- 
rine Type”). The product is described as a stable, 
hig! vy chlorinated tri-sodium phosphate formulation. 


XESULTS AND DISCUSSION 
Selection of an End Point 


infection, by definition, implies 100 per cent. kill 
f i.e specific infectious agents present. While the 
atta ument of this degree of effectiveness in the usual 
met ods of application may be questionable there 
can oe no argument with the contention that a product 
sold to disinfect should be capable. of effecting such a 
resull if properly applied. 

Because of the initial dilution of the survivors from 
squares by suspending the latter in 20 ml of diluent 
during the rinsing portion of the test method, it is not 
possible to determine a 100 per cent reduction end point 
inless the entire 20 ml are plated, an impractical pro- 
edure. The highest percentage reduction detectable 
vill vary with the number of organisms on the control 
syuares. When this number is 100,000 bacteria per 
square or higher (.\/. pyogenes var. aureus and S. schott- 
muellert), a 99.99 per cent reduction can be determined 
ifa !.0-ml aliquot is plated; when the control squares 
give counts lower than 100,000 cells (S. schottmueller7), 
the highest percentage reduction detectable drops 
progressively until a lower limit of 99.98 per cent is 
reached with control squares having 50,000 cells. For 
the fungus, the maximum reduction detectable is 
roughly one-tenth of the bacteria. Replicate runs on 
the products and the calculation of statistical means 
permit the acceptance of a 99.99 per cent reduction 
bacteria) or a 99.9 per cent (fungus) reduction as the 
maxiinvum reductions detectable in the tests reported 
here, 

A s cond end point representing a significantly high 
perce: ‘age reduction has also been reported here to 
illust: te the profound effect of the dilution coefficient ; 


this ¢ | point has been set at 99.9 per cent reduction 
lor th baeteria and 99.0 per cent for the fungus. 


Th use of two end points gives a more accurate 
comp: son of the germicidal activities of the products. 
Figu: illustrates clearly the marked effect of the 
dilutii coefficient referred to above. In this figure, 
the p centage reductions with the ‘“Cresylic”  dis- 
infect and ‘‘Quat A” 


are plotted for the various 
P dilut 


tested against ./. pyogenes var. aureus and 
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S. schottmuellert. With the “Cresylie” disinfectant, the 
slopes of the curves are much less than those enceoun- 
tered with “Quat A.” This effect was evident with the 
quaternaries when tested in the absence of serum; in 
the presence of serum, however, the dilution coeffi- 
cients of the various products were affected in different 
Ways, again indicating that the use of a single end point 
will give an incomplete picture of the observed effects. 


Accuracy of the Method 


The accuracy of the method was found to be affected 
significantly by at least three factors: the relative size 
of the dilution coefficients of the disinfectants; the 
erratic disinfecting action exhibited by one class. of 
products studied; and the range of variability encount- 
ered in replicate testing of identical concentrations. 

Products having a small dilution coefficient exhibit a 
steep slope when the percentage reduction versus con- 
centration is plotted logarithmically. When end 
points are selected from a steep slope a given degree of 
experimental variability on replicate testing will give 
a relatively high statistical deviation. 

The second factor, erratic disinfecting action, was 
encountered with the quaternary products. Occasion- 
ally, squares disinfected with strong concentrations of 
the quaternaries showed a relatively large number of 
survivors even though subsequent weaker concentra- 
tions gave a higher percentage reduction. The use of 
replicate tests for calculating an average percentage 
reduction for each disinfectant level lessened the effect 
of these erratic findings. In only one case (indicated by 
footnote () in table 1) was there a single erratic finding 
of sufficient magnitude to produce a paradoxical picture, 
namely, the detergent-sanitizer product appeared to 
be more active in the presence of serum. Erratic findings 
occurred in only a few cases with the other types of 
products. Great care was taken to assure that technical 
error was not responsible for these “skips.”’ 

On replicate testing, the quaternary products ex- 
hibited a higher experimental variation than did the 
cresylic and phenolic types. The chlorine-type prod- 
uct gave a variability intermediate between the phe- 
nolic-cresylic types and the quaternary types. 


Relative Efficiencies of the Disinfectant Types 

Each disinfectant product was tested several times 
using the above method. The results are shown in 
table 1. For comparative purposes, all products except 
the quaternaries were tested by diluting the formula- 
tion as received; the quaternaries were diluted on the 
basis of active ingredient. In this table, however, all 
end points are based on active ingredients. With the 
phenolic and cresylic acid products used in this study, 
the soap plus the phenolic or cresylic acids were con- 
sidered the active ingredients, as indicated by the 
labels on most of the disinfectants. Calculation of the 
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Fic. 1. Effect of dilution on the activities of a quaternary ammonium (‘‘Quat A’’) and a ecresylic disinfectant (‘Cres 
Cresylic dilutions are of formulation; quaternary dilutions are of active ingredient. 


active-ingredient dilutions from the formulation dilu- 
tions accounts for the uneven numbers listed in the 
table for phenolic, cresylic, and chlorine products. 
In the absence of serum, the recommended use dilu- 
tions of the phenolic and cresylic products were ade- 
quate for disinfection in all cases. With the lower end 
point, a significant margin of safety was provided with 
these products. Under the same conditions, the recom- 
mended use dilutions of the quaternaries were not 
sufficient to achieve 99.99 per cent reduction of the 
bacteria but were satisfactory when 99.9 per cent 
reduction of the bacteria was measured. Except for the 


detergent-sanitizer, the quaternaries were ma: 
deficient in antifungal activity, requiring concent! 
greater than 1 per cent for adequate disinfectio 
formulation of ‘“Quat A” into the “Detergent-San 


increased its antifungal activity (since these wer 


formance tests, no attempt was made to contro 
The chlorine-type product was distinctly speci: 
cific. Against M. pyogenes var. aureus, relatively 
concentrations of formulation were required for ef 
kill. Against S. schottmuelleri and T. inierdigital 
product was effective, but concentrations stronge 
those recommended for disinfection 
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DISINFECTANTS FOR INANIMATE OBJECTS 


TABLE | 


RECOMMENDED PERCENTAGE 
USE DILUTION® REDUCTIONT 


PRODUCT 


pyogenes 
var. aureus 


7250 

750 

1:910 73600 
25000 


7150 

1380 

ie type. 1: 5000 J 2310 

Available 7620 
chlorine 


:700T 


40008 


22000 
79500 
Quate onary B. 


72500 § > 1000 


74000 


1:5000 J 7500 
210,000 


‘nt sanitizer 
*Rased on active ingredients. 


. 


commended for use ‘‘against athlete’s foot organisms.”’ 
commended for ‘‘general disinfectant use’’. 


+ 
; 
N 
‘ 


See Results and Discussion. 
against the gram negative organism. The efficiency of 
this preparation against 7’. interdigitale was especially 
interesting, considering the widespread use of chlorine 
products in foot baths. 

The effect of the dilution coefficient on the expression 
of results is well illustrated by the data obtained in 
the absence of serum. In the case of the quaternaries, 
irom + to more than 20 times the amount of active 
ingredient’ was required to kill 99.99 per cent of the 
bacteria than was necessary to obtain 99.9 per cent 
m. With most of the other products, smaller 
s in concentration raised the kill from 99.9 per 
99.99 per cent of the bacteria. 

In the presence of serum, the pattern of relative 
activities changed. The bactericidal properties of the 
phenolics were reduced appreciably. Approximately two 
mes more active ingredients were required to 
e the effect of the serum; approximately the 
ative increase in concentration was necessary 
ss of the end point used to measure the kill. 
mmended use dilutions were sufficient to kill 
organisms at the lower end point; at the upper 
t, the recommended use dilutions fell short 
i: cases. Phenolic B was superior to Phenolic A 
spect. 
esylic product required relatively slight in- 
n concentration to overcome the inhibiting 
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Micrococcus 


Relative efficiencies of various types of disinfectants, using a new performance test method 


WITHOUT SERUM WITH SERUM 


M ic rOCOCCUS 
pyogenes 
var. aureus 


Salmonella 
boat , Ml 
scholimueilert 


Trichophyton 


Salmonella 
interdigitale 


chotimuell eri 


Trichophyton 
interdigitale 


> 1500 1250 
> 1500 7500 


2130 
7300 


2250 
21000 


2130 
2250 


:5600 2910 910 
75600 21100 


2730 
22200 910 


7600 2150 7600 2150 
7910 2380 2750 7230 


73100 2310 
73700 7310 


23100 
23700 


>4000 
24600 


> 1000 
9000 


> 1000 
23000 


> 1000 
75000 


> 1000 
21500 


7500 : ‘ > 1000 
5000 23000 


| 

{ = 99.99 per cent kill (bacteria) and 99.9 per cent kill (fungus). 
|, = 99.9 per cent kill (bacteria) and 99.0 per cent kill (fungus). 
R 
R 


Recommended for use where ‘contamination with infectious material has occurred’’. 


effect of the serum and the recommended use dilution 
was effective in all cases. 

The chlorine product retained its activity fairly well 
against two of the test organisms in the presence of 
serum; against .. pyogenes var. aureus, a significant 
increase in concentration was required to achieve 
comparable kill. Whether or not this effect is character- 
istic of all chlorine products is questionable since other 
types of chlorine preparations have not shown this 
effect when tested by other technics. 

In the presence of serum, most of the quaternaries 
did not lose activity at the 99.99 per cent end point, 
but at higher dilutions giving the 99.9 per cent reduc- 
tion, they lost activity in a manner similar to other 
type products. The recommended use dilutions of the 
quaternaries were insufficient to attain even a 99.9 


per cent reduction of bacteria in the presence of serum. 


Comments on the Relative Efficiencies 
of the Disinfectants 
Under the use conditions employed above, all of the 
disinfectants perform adequately against bacteria if 
used in sufficient concentrations. However, not all of 
them can be regarded as highly effective when they are 
employed in the recommended manner. The chlorine 
product, for example, is recognized as an excellent dairy 
sanitizing agent when used at 200 ppm available chlo- 
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rine. When used as a disinfectant, however, the product 
is sO species specific that an impractically high concen- 
tration of the formulation (10 per cent) is required for 
significant kill of W. pyogenes var. aureus. In addition, 
the question of stability may arise, although this 
material is claimed to possess relatively high stability. 
The quaternary products are dependable germicides 
against the bacteria when used in proper concentrations, 
but the present recommended use dilutions are too 
high. These use dilutions have been derived from the 
well-established but not universally applicable ‘20 
’ Stuart, Ortenzio and 
Fried] (1953) have recently shown that this is not a 
constant to be employed with all disinfectants, but that 
its magnitude should vary inversely with the size of 
the phenol coefficient. Stuart, Bogusky and Friedl 
(1950) have also demonstrated this in another way, 
using a replicate testing procedure to show that the 
factor of 20 is not applicable to quaternaries. The find- 
ings reported here seem to confirm the contention of 
these workers. On the other hand, the low dilution 
coefficients of the quaternaries can be used with ad- 
vantage if the appropriate use dilutions are initially 
employed. It is certainly advantageous for a disinfect- 
ant to kill high percentages of organisms when the 


times the phenol coefficient.’ 


germicide is diluted five- or tenfold beyond its recom- 
mended use dilution. 

The oceasional, erratic action of the quaternaries in 
permitting a relatively large 
number of survivors to be recovered, was disturbing. 


high concentrations, 


If such failures occur in practice, this may represent a 
serious shortcoming. When the number of erratic 
methodological reported — with 
products is considered in relation to their mode of action 
and high affinity for protein, glass, and other materials, 
the germicides themselves appear erratic rather than the 
technician or the test method he uses. 

The lack of fungicidal activity of the quaternary 
products was especially disappointing. A disinfectant 
should have significant antifungal activity at practical 
concentrations. In general, the phenolic and cresylic 
disinfectants appear to be fairly satisfactory in regard 
to spectrum and recommended use dilution. The 
cresylic product tested here was entirely adequate 
when employed in the recommended manner. The two 
phenolics varied somewhat from this pattern. One of 
these required a slight increase in use concentration to 
be entirely effective under all conditions; the other 
required a greater increase in recommended use con- 
centration. 

It should be emphasized that the above results and 
comments apply only to stainless steel surfaces con- 
taminated with an arbitrary number of organisms and 
in the presence or absence of serum. Other pertinent 
factors have not been included here: the effect of hu- 


experiences these 


midity, the effect of natural waters of varying deg 


of hardness, the presence of cleaner residues af 
cleaning procedure has been performed, and the « 
of other types of surfaces encountered in practice. \ 
of these factors are now being studied and the 1% 
will be reported at a later date. 
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SUMMARY AND CONCLUSIONS 


A performance test method designed to simula 
conditions has been developed for testing inani 
object disinfectants. The technic is fully adaptal 
use in testing the effects of a number of environn 
variables, 

Using this method, the relative efficiencies of s 
representative types of disinfectants have been 
mined on stainless steel surfaces. All of the 
possess adequate bactericidal activity if suf 
concentrations are employed. Increases in | 
mended use concentrations are recommended in 
ous degrees for certain of the products. 

The significance of these findings as well as 
of the test procedure are discussed. 

This tentative procedure is presented with the hop 
that others will try it in evaluating their products. ‘Thy 
authors will appreciate comments. 
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Von Witsch' (1948) has grown Chlorella in’ glass 
eyli: ders, achieving yields of approximately 5.0 g of 
ells in dry weight per liter in 20 days. Spoehr et al. 
94!) employed 5-gallon carboys and achieved yields 
of a proximately 4.0 g of cells in dry weight per liter 
n 3 to 50 days. Ketchum, Lillick and Redfield (1949) 
stud ed the growth of various algal cultures in a bottle 
illu 
the 


nated by a jacketed neon tube immersed inside 
essel. These workers found that Chlorella pyre- 
a produced the highest yield of cells, approxi- 
v 0.74 g per liter per day maximum density and 
g per liter per day maximum growth rate. Myers 
1951) found that Chlorella pyrenoidosa when grown 


cal 
mat 
0,06 
tal 
ina modified Knops medium in a 6-mm annulus exposed 
to full sunlight achieved yields of 2.45 g per liter per 
lay and a maximum population density of 54.9 g per 
iter in 20 days. Cook (1951) describes an apparatus 
designed for the large-scale culture of algae by a con- 
tinuous-culture technique 
maximum yields of O48 g of cells in dry weight per 
wh day. Myers and Johnston (1949) applied the 
continuous-culture technique for the large-scale culture 
of algae to the problem of carbon and nitrogen balance 
of Chlorella, The apparatus used in that study had been 
previously described (Myers and Clark, 1944). Gotaas 
‘tal. (1951) have reported on the large-scale culture by 
continuous-culture technique of algal-bacterial sym- 
hiont 
und 


with which he obtained 


iter 


for the purpose of stabilizing domestic sewage 
ganic industrial wastes in oxidation ponds. 
workers used Euglena gracilis and Chlorella 
losa in their experiments. 


Thess 
pyren 

The large-scale culture of algae has become an engi- 
neerin: problem in an attempt to achieve optimum 
vondit ons and maximum growth in apparatus espe- 
vially ‘esigned for the purpose. Some of the problems 
which await solution are the nitrogen source, pH 
‘tabili ation, light intensity, and the disposal of toxic 
produ: s. Furthermore, there is no assurance that the 
is used to date are the most desirable form of 
‘large-scale culture. The choice of 
1 the particular concern of the 


organ 


algae algal strains 


has bh experiments 
TY 


tion 6 


ecent Carnegie Institution of Washington Publica 
1953) contains an extensive bibliography on algal 
he material mentioned in the following references is 
to our work. 


ulture 


pertine 
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reported in this paper. Various algal cultures have 
been grown in flasks, carboyvs, and deep-tank fer- 
mentors in an attempt to determine whether, under 
these conditions, any of the strains tested were superior 
to the others in terms of mass vield. 


EXPERIMENTAL RESULTS 
The Growth of Various Algal Cultures in Flasks 


To determine the yields of various algal cultures in 
a simple medium,” the serial transfer technique was 
employed. Pure cultures were streaked on agar slants 
(basal medium with 1.5 per cent agar) and incubated 
7 days at 23 C over four fluorescent. lamps having a 
light intensity of 175 foot candles. The growth on the 
slants was scraped off and washed into 25 ml of basal 
medium contained in 250-ml Erlenmeyer flasks. The 
flasks were incubated for 7 days under conditions as 
described above. During the incubation period, the 
flasks were shaken about 5 minutes by hand twice 
daily. At the end of the incubation period, 0.5 ml of the 
growth in the flasks was transferred to 25 ml of fresh 
basal medium in 250-ml Erlenmeyer flasks. Incubation 
then proceeded for 7 days as above. Three serial trans- 
fers were made as described. Sterile technique was 
observed throughout the process. Turbidimetric read- 
ings were obtained on the growth in the flask after 
each transfer. An Evelyn turbidimeter with a 540-mu 
filter was employed. The instrument was set with the 
uninoculated medium as a blank. 

The data in table 1 reveal that of the 47 cultures 
tested, 6 did not survive to the third transfer, 
among the survivors some appear to be declining 
possibly would not survive a 


and 
and 
fourth transfer. The 
latter observation indicates that the minimal require- 
ments of some of the algae were not satisfied by the 
basal medium. It will be noted that most of the or- 
ganisms tested are in the primitive class, Chlorophyceae. 

To determine yields in dry weight three serial trans- 
fers of various algal cultures were carried out as above, 
except that the volume of the basal medium was in- 


2 The composition of the basal medium is follows: 
NH NOs, 100 mg; MgSO-7H.O, 40 mg; KH2PO,, 40 mg; FeSO- 
7H.O, 0.4 mg; CaCl, anhydrous, 20 mg; sodium acetate, 1 g; 
dextrose, 5 g. Distilled water was added to make a liter. The 
pH of the medium was unadjusted. 


as 
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TABLE 1. Serial subculture of various algal cultures 


PER CENT TRANSMISSION * 


CULTURE NAME 
ist 2nd 3rd 
Transfer | Transfer Transfer 


Chlorella vulgaris 20 0 20 
0 20 
45 35 


9 
Chlamydomonas snowiti 2.35 3. 
a 
80 1.45 
1. 
.. 
2 


Scenedesmus obliquus 40 
Scenedesmus obliquus .30 
Scenedesmus obliquus .60 50 60 
SO 25 
.40 a 
80 0.4 


55 


al 
vor Gr 


Stichococcus subtilis 
Chlorella pyrenoidosa 


Sort 


gb 


Scenedesmus obliquus 


Y 


’ 


Unknown 


ae 
Chlorella pyrenoidosa 55 ae 
45 3. 
.8O N 


Chlorella vulgaris 65 


Se CO ee) 


Chlorella vulgaris x-ray mu 3.50 
tant of #1 
Chlorococeum humicola 2.70 15 
20 
75 
30 
45 
30 


Chlorella vulgaris .20 


to 


Chlorella vulgaris 40 
Chlorella vulgaris 10 
Dactylococcus infusionum 80 


— 


2,9 
~ 


— 
we 


Gloecystis grevillei 3.85 
Sphaerella lacustrus 50 


or ce 
Qe w 


Gloecystis grevillei 50 
Chlorella viriegata 50 


Zor new we 
t . 


Z 


Mishococcus sphaerocephalus 50 
Chlamydomonas orbicularis NG 
Hormidium flaccidium NG 
Stichococcus bacillaris 8.70 


out 


Mesotaenium caldariorum 50 
Coccomyxra simpler 39 
Coelastrum proboscideum 50 
Haematococcus pluvialis 2.80 
Pleurococcus commutata >.00 


16 & bt 


Chamydomonas agloeformis >.60 


o 


mwe 


Chlamydomonas applanata 2.09 


Chlamydomonas branonniti 80 

79 | Chlamydomonas 00 
dorseventrales 

80 | Chlamydomonas humicola 1.80 
81 | Chlamydomonas oblonga 3.05 
82 | Chlamydomonas pseudagloea NG 
92 | Chlamydomonas simplex 3.15 
93 | Chlorella saccharophila NG 
94 | Chlorella luteoviridis 6.95 


95 | Chlorella pyrenoidosa 0.80 
96 | Chlorella saccharophila 30 
97 | Chlorella variegata 


98 | Chlorella vulgaris var. luteo- 
viridis 
100 | Chlorogonum elongatum 
106 | Coccomyzxa elongata 
113 | Coccomyra solorinae NG 


* Evelyn turbidimeter using a 540-my filter. Uninoculated 
media = 100. NG = No growth. 


creased to 100 ml contained in a 500-ml Erlenmeyer 
flask. Dry weights were obtained by centrifuging an 
aliquot from the culture in the third serial transfer, 
washing twice in distilled water, and transferring the 
cells in a small amount of water to a tared crucible and 


TABLE 2. Yields in dry weight of various algal cultu 
grown in 100 ml media in 500-ml flasks* 


CULTURE 


wo CULTURE NAME 


Sphaerella lucustris 
Unknown 
Chlorella vulgaris 
Chlorella vulgaris 
Scenedesmus obliquus 
Scenedesmus obliquus 
Unknown 
Chlorella variegata 
Chlorella pyrenoidosa 
Chlorella vulgaris 
Chlorella vulgaris 
Chlorella vulgaris 
Chlorella vulgaris 
Chlorococeum humicola 
Chlorella vulgaris 
Stichococcus subtilis 
Gloecystis grevillei 
Chlorella vulgaris x-ray mutant of cul- 
ture No. 1 

Chlamydomonas snowiti 
Gloecystis grevillet 
Scenedesmus obliquus 
Chlorella pyrenoidosa 

27 Dactylococcus infusionum 

24 Chlorella vulgaris 

4] Unknown 

14 Scenedesmus obliquus 

99 Chlorella vulgaris var. viridis 


* Yield obtained after third serial transfer in 100) 
medium. Incubation 7 days at 23 C over 4 flourescen 
Light intensity 175 f.c. 


drying to constant weight at 110 C in a Thele 
The yield in dry weight of various algal cultur 
the third transfer in the basal medium is shown in 
Two of the cultures, Chlorella vulgaris Beyerinck 

no. 22) and Chlorella vulgaris var. viridis (culture 
appear to be markedly superior in terms of dry 
yields. 


The Growth of Various Algal Cultures in 20-Liter 

The inocula for these cultures were prep: 
follows: the growth from a slant of an algal 
was washed into 100 ml of basal medium cont: 
a 500-ml Erlenmeyer flask. The flask was incub 
7 days at 23 C over four fluorescent lamps h 
light intensity of 175 foot candles. During the 
tion period the flask was shaken by hand twi 
for 5 minutes. The content of the flask was trai 
using sterile technique, into a 20-liter glass 
containing 12 liters of the N-rich B medium. Th: 
containing the medium had previously been aut 
for 20 minutes at 15 pounds steam pressure ai 
under air pressure with water. The carboys we 
with a motor-driven agitator for stirring the 1 





ALGAE CULTURE IN CARBOYS AND DEEP-TANK FERMENTORS 


tie rate of 300 rpm, an aerator through which sterile 
‘as passed at the rate of | liter per liter of medium 
ninute, an air outlet, and a device through which 
e samples could be obtained during the fermenta- 
Sterile techniques were used throughout the proc- 
After the carboy was inoculated, it was placed in 
ter bath maintained thermostatically at a tem- 
ure of 25C + 2C. The level of the circulating 
‘in the bath was kept at the level of the medium 
e carboy. One 150-watt projector flood lamp was 
ited approximately 12 inches above the carboy 
rranged so that the light projected directly down- 
Samples were withdrawn during the fermenta- 
yeriod, the volume of the medium in the carboy 
neasured for final dry weight calculation and the 
were then centrifuged, freeze-dried and stored 
wd: refrigeration in a brown bottle. The final dry 
wei it calculations on the yields of various algal cul- 
tures grown as described above for 5 days are contained 
le 3. Chlorella vulgaris var. viridis (culture no. 99) 
‘hlorella pyrenoidosa (culture no. 8) appear to be 
superior in terms of dry weight yield under the de- 
wribed conditions. Chemical analyses were made on 
some of the cultures grown in 20-liter carboys. The data 
are contained in table 4, and reveal a striking similarity 
between the various cultures. The nitrogen content of 
most of the cultures is approximately 6 to 7 per cent 
which, on an ash-free basis, would give a protein con- 
tent of about 40 per cent. 


BLE 3. Yields in dry weight of various algal cultures 
grown in 12 liters of media in 20-liter carboys* 


YIELD IN DRY 
WEIGHT 


CULTURE NAME 


Gloecystis greville: 

Chlorococceum humicola 

Cocystis maegelit A. braun 

Coelastrum proboscideum var. gracilis 
Vischer 

Stichococcus subtilis 

Stichococcus subtilis 

Unknown 

Scenedesmus obliquus Gaffron 

Chlamydomonas agloeformis Pasch. 

Chlorella pyrenoidosa 

Chlorella pyrenoidosa 

Chlorella vulgaris var. viridis 

Chlorella vulgaris var. viridis 

Chlorella vulgaris var. viridis 


Chlorella vulgaris var. viridis 
V 


Chlorella vulgaris var. viridis 
Chlorella vulgaris var. viridis 
Chlorella vulgaris var. viridis 


Chlorella vulgaris var. viridis 


nin B medium plus 0.2 per cent yeast ext., with aera- 
stirring for 5 days at 25 C + 2, and 12 inches under a 
projector flood lamp. 


TABLE 4. Chemical analysis of algal cells grown 


in 20-liter carboys 


ULTURE NAME 


Stichococcus subtilis 

Chlorococeunm humicola 

Gloecystis grevillei 

Chlorella vulgaris” var. 
viridis 

Chlamydomonas 
applanata 

Odcystis naegelii 

(oe lastrum probo 
scideum var. gracilis 

Chlorella vulgaris var 
viridis 


Gloecystis qret illei 30.22 


* Per cent protein = per cent N X 6.23. 


Growth of Various Algal Cultures 
in Deep-Tank Fermentors 


Various algal cultures were grown in 100-, 500-, and 
1000-gallon glass-lined fermentation tanks. Media B® 
and C* were used in these fermentations. Before in- 
oculation, the medium in the fermentor was sterilized 
for 30 to 45 minutes at 15 pounds steam pressure. 
Inocula were prepared by scraping off the agar surface 
growth from one or more Roux bottle pure cultures or 
a number of test tube cultures, into sterile water, 
which was used to inoculate six liters of sterile nutrient 
medium in a 9-liter bottle. 

One to three such bottles were incubated at room 
temperature for about 6 to 7 days with aeration of the 
medium. A 150-watt light bulb in a reflector shade 
placed about a foot above the bottles supplied artificial 
illumination. In some cases the algal cultures grown in 
the 20-liter carboys, as described above, served as the 
inocula. Table 5 indicates the preparation of the inocula 
for the various runs. After inoculation, the medium in 
the fermentor was continuously illuminated with a 
beam of artificial light from a 150-watt G. E. projector 
flood lamp directed into the tank through the sight- 
glass in the manhole cover at the top of the fermentor. 
Agitation of the culture by means of a mechanical 


stirrer insured the uniform exposure of the algal cells 


’The composition of B medium is as follows (g per L): 
Dextrose (Cerelose) 10, glycine 2, ammonium acetate 1, MgSO,- 
7H.O 0.50, K2HPO, 0.25, CaCl. 0.1387, H,BO; 0.1124, thiamin 
(sterilized separately and added aseptically to the tank medium 
at time of inoculation) 0.10, FeCl,-6H2O 0.0485, ZnCl. 0.0416, 
MnCl.-4H20 0.0144, (NH4)2 MoO, 0.0081, CuSO,-5H.O 0.0052, 
CoCl.-6H2O 0.0020. 

‘The composition of C medium is as follows (g per L): 
Dextrose (Cerelose) 10, Enzyme hydrolyzed casein (N-Z 
amine, tvpe A) 2, sodium acetate 1, NHyNO; 0.1, KH.PO, 
0.04, MgSO,-7H2O 0.04, CaCl. 0.02, FeSO,-7H2O0 0.0001. 
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TaBLe 5. Preparation of fermentor algae inocula 


AGAR CULTURE AERATED, ILLUMINATED BOTTLE CULTURE 
INTER 
rt , 
EDIATE Volume 


Temp. of CULTURE,! No | Age in | Kind of | of 


Kind incuba TYPE aame days “sere yg) BER + a Temp. of incu 
L 


tion 


Chlorella vulgaris Roux bottle Room None 
Chlorella vulgaris Roux bottle Room None 
Chlorella vulgaris Roux bottle Room None 
Chlorella vulgaris Roux bottle Room None 
Chlorella vulgaris Roux bottle Room r 
Chlorella vulgaris ; ) Roux bottle Room None 
Chlorella vulgaris ; ( Roux bottle {oom None 
Chlorella vulgaris Test tube Room None 
Chlorella vulgaris : Test tube Room None 
10 Chlorella vulgaris Test tube toom = None 


{oom 


Room 


— bo bo 


ue “J “I 


) 
nS 


Room 
Room 
Room 
Room 
Room 


ons 


Room 
Room 
Room 


ss J J 


1] Stichococcus subtilis : Test tube Room None Room 
12 Stichococcus subtilis ; Test tube Room None 
Test tube Room None 
Test tube 23 C None 
Test tube 23 C t 


Test tube 23 C t 


Room 
Room 
Bath, 24-2 
Bath, 24-2 
Bath, 24-: 


sIs7 Ww 


13 Chlorella pyrenoidosa | 
14 Chlorella pyrenoidosa 


—_— tt OD WO OO OD eb 
Oo 


9 
7 
7 


15 Chlorella pyrenoidosa 


o 


* Six L of medium in a 9-L bottle. Aerated and illuminated for 7 days at room temperature. 
+ Fifty ml of medium in a 250-ml flask. [luminated at room temperature for 4 days. 
t One hundred ml of medium in a 500-ml flask. Hluminated at room temperature for 6 days. 


to the light. At the same time, sterile air was continu- tained in the fermentor. An antifoam agent, s' 
ously foreed through the medium by way of either a 1 per cent octadecanol in lard oil, was used to « 
single open-end pipe or a sparger at the rate of 0.4 to foaming when needed. The temperature of the « 
1.8 volumes of air per one volume of medium _ per was maintained at 20 to 24.C. After 142 to 280 
minute. The mechanical stirrer also aided in distribu- the algal cells were removed from the culture m 
ting the air uniformly throughout the medium. An air in a large Sharples centrifuge. Table 6 lists t! 
pressure of about 5 pounds per square inch was main- vields and other pertinent data of the fermento: 


TABLE 6. Algae tank fermentations 


MEDIUM INOCULUM AERATION AGITATION 


DURATION OF 
FERMENTATION Inlet holes Volume of 
IN HOURS Volume in Volume in air volume 
liters liters 100 liters iteiahece Diameter of medium 
in inches —- Minute 


WEIGH! 
ENTRIF| 


Type of agitator ELLS IN 


l ISS 300 200 0.08 r Small radius impeller 

2 168 300 d 200 03 6 Small radius impeller 

3 185 300 ; 200 08 | Small radius impeller 

{ 188 300 200 .03 ; Small radius impeller 

5 184 1500 1000 .0156 A Large radius anchor type 
6 234 1500 
7 163 1500 0). 
Ss 234 1500 0 
9 214 1500 0. 
10 256 2500 0 
11 190 1500 0 
12 280 2500 0. 
13 160 1500 0. 
14 163 2000 0. 
15 142 1500 0. 


52 
.98 
22 
34 
.20 
50 
51 
10 
1000 .0156 6 Large radius anchor type 50 

1 5 : Medium radius impeller 80 
1000 .0156 6 Large radius anchor type 50 

1 5 : Medium radius curved impeller 50 

1 Large radius anchor type 5.00 Dr 

l f Medium radius curved impeller 8.00 

] Large radius anchor type 5.06 Di 


rOoON = = 


— 
QS OG 


1000 .0156 8 Large radius anchor type 
1000 .0156 i Large radius anchor type 
1000 .0156 a Large radius anchor type 


—_ Oo mH 


pS Ee EN ie Bt ie Ilo « 


” mr) 


* Weight of cells as harvested in the centrifuge bowl. 

Note 1. In runs 1 through 10 Chlorella vulgaris was used. In runs 11 and 12 Stichococcus subtilis was used. In runs 1: 
15 Chlorella pyrenoidosa was used. 

Note 2. The first four runs were in 100-gal tanks; all others were in 500-gal tanks except runs 10, 12 and 14 which were 
gal tanks. 

Note 3. Medium C was used throughout except in runs 13, 14 and 15, where medium B was used. 

Note 4. The rate of stirring in runs | through 4 was 137 rpm. All others were stirred at 100 rpm. 
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PABLE 7. Chemical analysis on two batches of Chlorella that achieved by others with algae growing auto- 
tropically. 

Although it appears from the data presented in this 

paper that Chlorella vulgaris var. viridis was the most 

aR rege efficient algal strain tested, in terms of cell yield, other 

1 5 strains under other conditions might be superior. The 

choice of the culture used must depend upon the pur- 

pose of the problem. It is a dubious point to strive for 

large-scale cell yields, which immediately involves 

- peg economic considerations, when the utilization of the 

ohne "Os 63 cells, once obtained, has not been the primary concern. 

066 Spoehr et al. (1949) have shown that control of the 

esium OS 


um 46 .38 
acids (saturated 3.41 5.48 


pyrenoidosa cells grown in 600-gallon tanks under 


similar conditions* 


CELL CONSTITUENTS RUN NO. 13 RUN NO. 15 


environmental factors may change the protein and 
lipid content of the cell. Certain algal cells have been 
found to contain sterols (Klosty and Bergmann, 1952; 
Carter et al., 1939) and vitamins (Dam, 1944). It 
appears likely, therefore, that the choice of algae strains 
would influence the choice of environmental conditions 
as much as the environmental conditions would influ- 
ence the choice of the algae. For obtaining algal prod- 
ucts such as sterols and vitamins, where rigorously 
controlled techniques would have to be employed, it 
seems likely that the use of modified deep-tank fer- 
mentors offers many advantages for the large-scale 
production of algal cells. 


acids (unsaturated 5.38 5.04 
cing sugar 3.42 9.07 
educing sugar 33.4 47.6 

4.13 10.8 

carbohydrates (as dextrose) 36.8 56.7 


or the fermentation conditions see tables 5 and 6. 


ical analyses were made on the cells grown in 
run numbers 13 and 15. The culture was the same 
oth runs, Chlorella pyrenoidosa (culture no. 8). 
dry weight yields for both tanks as well as the 
ntation conditions were approximately similar, 
en in table 6. However, the chemical analyses on 


Ture 
hours SUMMARY 


ediun 


the cells grown in run numbers 13 and 15 show a wide 
discrepancy between the batches, as seen from the data 
in table 7. The cells from run number 13 contained 
approximately 50 per cent more nitrogen, amino 
nitrogen, and protein as compared with the cells from 
run number 15; there is no explanation at present for 
this difference. 


DISCUSSION 


The primary purpose of the work reported in this 
paper Was to gain some experience with the growth of 
various algal cultures in different size vessels. No at- 
temp! was made to achieve optimum growth conditions. 
It Was surprising that even with what would appear 
to be inadequate light conditions, especially in the 
deep-.ank fermentors, the algal yields reported in this 
pape’ compare favorably with the yields reported in 
the |) erature. Cook (1951) reports maximum yields of 
048 . dry weight per liter each day, while Myers 
195! achieved yields of 2.45 g per liter per day. Both 
work s used Chlorella pyrenoidosa growing auto- 
trop! ally and depending upon photosynthesis for 
its er egy. As reported in this paper, maximum yields, 
with /lorella vulgaris var. viridis, of 12.2 g dry weight 
per | or in 5 days (table 3) were obtained, which, on 
adai basis, would be 2.4 g per liter per day. It is of 
tere © that the heterotrophic growth obtained in our 
expe: ients with low light conditions was similar to 


Forty-one of forty-seven algal cultures were sub- 
cultured three times in a simple medium in flasks. 
Two of the cultures, Chlorella vulgaris Beyerinck and 
Chlorella vulgaris var. viridis were markedly superior in 
terms of dry weight yields. 

Algal cultures were grown in a simple medium in 
20-liter carboys and in a medium supplemented with 
either thiamin and glycine or hydrolyzed casein 
(N-Z-amine) in 100-, 500-, and 1000-gallon deep-tank 
fermentors. Dry weight yields and chemical analyses 
of the cells are reported. 
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The importance of the role played by rumen micro- 
organisms in the nutrition of ruminants is well recog- 
nized (Huffman, 1953). As a result, techniques have 
been developed to study the activities of ramen micro- 
organisms in vitro in an attempt to determine what 
factors may influence their activities in vivo (Pearson 
and Smith, 1943; Marston, 1948; Burroughs et al., 
1950). 

Because the possibility of including such fishery by- 
products as whale solubles, herring solubles, and herring 
stickwater in the diet of cattle and sheep has not been 
studied extensively, it was considered of interest to 
determine the effect of adding these various fishery 
materials on the breakdown of cellulose by rumen 
microorganisms in vitro. In the course of the studies 
which resulted it was found that under carefully defined 
conditions the rate of cellulose digestion was greatly 
increased by the inclusion of the fishery supplements in 
the fermentation medium. When known compounds 
were tested under the same conditions, a mixture of 
amino acids was discovered to have even more activity 
than the fishery supplements tested. These results and 
a discussion of their possible implications are presented 


below. 


EXPERIMENTAL Mrtuops 

In vitro rumen fermentations were carried out in a 
series of 25 x 200 mm test tubes. Cellulose digestion 
was measured by a technique developed by Block and 
Henderson (1953) wherein the difference in the weight 
of a role of vegetable parchment before and after 
fermentation is determined. 

1A preliminary report of this investigation appeared in 


Fisheries Research Board of Canada Progress Reports of the 
Pacific Coast Stations, No. 96, p. 16, 1953. 


Rumen Liquid Inoculum 


Rumen liquid was obtained at an abattoir from the 
paunches of freshly killed cattle. The cattle had not 
been fed for a period of 12 hours prior to slaughter but 
had had access to water. In the period immediate 
preceding the fast, the animals had been fed alfa! 
timothy hay. 

At each collection of rumen liquid, samples fron 
least four animals were pooled and the liquid 
strained through cheesecloth to free it of gross particle 
During the collection, a stream of carbon dioxide gas 
was directed upon the scene of operations. In this step, 
as well as in all subsequent steps, every effort was made 
to maintain conditions as nearly anaerobic as possible 
The rumen liquid, after straining, was diluted with 
air-free water to give the desired inoculum conc 
tions. Each fermentation tube contained 20 | 
inoculum in a final volume of 40 ml. 


Fermentation Medium 


The composition of the fermentation medium is 
shown in table 1. Cellulose was introduced as a 1 I! 0! 
carefully weighed vegetable dialysis parchment s! pled 
at one end to prevent it from unrolling. Nitroge) was 
added at a level of 24 mg in each tube and was su) plied 
either as urea or as a combination of urea and si pple- 
ment. The level of nitrogen was maintained co: tant 
in all tubes to avoid the possibility that stimulati 1 by 
an active supplement could be due to the presenc of « 
higher level of total nitrogen in the supplemented hes 
The salt mixture used was patterned after one a) ad) 
employed in in vitro rumen fermentations (Burr. ughs 
et al., 1950) but modified to include additiona iro! 
and phosphate as more recent findings of the ami 
workers have shown that higher concentrations of | hes 
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TABLE 1. Composition of the fermentation medium 


AMOUNT PER 40 MI 
FINAL VOLUME 
Cel vlose* (g) 
Nit) ogent (mg) 
Ya fPO, (mg) 
Val CO; (mg) 
Mgt 4-7H2O (mg) 
VaC (mg) 
KC] (mg) 
FeSO,(NH,4)2SO,-6H2O (mg 
CaC » (mg) 
Zns ‘THO (ug) 
Mnt ),-4H2O (ug) 
CuS),;-5H.LO (ug) 
CaC -6HLO (ug) 


dded as a roll of vegetable-dialyzing parchment. 
+ \dded either as urea or as urea + supplement. 


ons stimulated the digestion of cellulose under their 

conditions (Burroughs ef al., 1951). 
Fermentation Technique 

The salt solution, the urea solution, and the solutions 
of supplements, if any, were added to each tube fol- 
lowed by sufficient water to bring the volume in the 
tubes to 20 ml. A weighed roll of parchment was added 
to each tube and a short length (2 to 3 em) of 15 mm 
glass tubing was placed on top of the parchment to 
prevent the parchment from being buoyed up out of the 
medium by the fermentation gases released during the 
fermentation. Before introducing the inoculum, all 
tubes were brought to a temperature of 40C and 
flushed with COs.. After inoculation, each tube was 
stoppered with a one-hole stopper, the stopper in each 
case being provided with an outlet tube attached to 
one end of a small bulb open at both ends. The end of 
the bulb not attached to the outlet tube was immersed 
in a test tube of water. This arrangement permitted 
the escape of fermentation gases while still maintaining 
anaerobie conditions. The bulb prevented water from 
being sucked back into the fermentation tube if a drop 
in temperature of the tubes took place at any time. 

Ferinentation tubes were incubated at 40 C for 
periods ranging from 70 to 120 hours, the length of 
time depending upon the rate of fermentation. The 
lerme: ‘ation was characterized by a lag period of 
approximately 36 hours, the length of which would 
vary Cepending on the activity and dilution of the 
inoculm and the nature of the supplement added. 
After | .e lag period, pH changes were relatively rapid. 


rhe p'| of the medium was maintained at 6.8 to 7.0 


by ad ng 6 ~ KOH at suitable intervals during the 


; course of the fermentation. The experiment was 
p termi: ‘ed when an amount of cellulose which could 


just b conveniently removed and weighed still re- 


in those tubes which were fermenting most 


At the end of the fermentation, the residual parch- 
ment was lifted from the medium. Any particles of 
cellulose which had become detached from the roll 
during the fermentation were collected in a small 
strainer of approximately 40 mesh. The parchment and 
particles were rinsed in water and alcohol, dried to 
constant weight (at 37 C), and weighed. Preliminary 
experiments established that losses in weight of parch- 
ments from identical tubes agreed within 2 to 3 per 
cent of each other. 


Preparation of Supplements 


The fishery by-products used were all samples of 
commercially available local products, except for one 
sample of whale solubles which was available in a 
frozen condition in the laboratory and had been 
obtained originally from a whaling operation in the 
South Polar region. The whale solubles and herring 
solubles supplements were prepared for addition to the 
tubes by adding each substance to water at a level of 
20 mg per ml of solution and filtering the resulting 
suspensions clear. The herring stickwater supplement 
Was prepared in a similar manner except that a higher 
concentration, 140 mg per ml, was required to obtain 
the same level of soluble nitrogen in the solution. 

The fish hydrolysate used was a pancreatic hydrol- 
ysate of halibut muscle prepared according to the 
method of Hartley (1922) except that fish was substi- 
tuted for meat and pancreatin for trypsin. The amino 
acid mixture used in this investigation was the same 
as that employed in media for the growth of lactic 
acid bacteria (MacLeod, 1950). The solution prepared 
contained the amino acids at twice the concentration 
present in the medium described. 

The level of total nitrogen in each supplement was 
determined by application of the micro-Kjeldahl 
technique. 

RESULTS 

Cellulose digestion by rumen microorganisms was 
strongly stimulated when various fishery by-products 
were added to the fermentation medium. Results of a 


TABLE 2. Cellulose breakdown by rumen microorganisms and 


its stimulation by supplements of fishery materials 


SUPPLEMENT*® CELLULOSE UTILIZEDT 


None I: 
Whale solubles (local) ‘ 
Whale solubles (South polar) 
Herring solubles 

Herring stickwater 

Halibut hydrolysate 


SS 
o 
» 
” 
” 
9 
o 
2 
°° 


( 


* Each was supplied at a level which provided one-third 
of the total nitrogen present in the tubes. 

t Rumen liquid diluted 1:1 with water. Incubation time, 
105 hr. 
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As inoculum size was a critical factor in demonst) 
ing stimulation of cellulose digestion by rumen mi 
organisms, each experiment was arranged in duplic 
Two dilutions of rumen liquid (1 part of rumen lic 
to 1 of water and 1 part of rumen liquid to 1.5 part 
water) were used to inoculate the respective set; 
tubes. In this way, a significant response to any ac 
supplement could be expected with either one or | 
of the inocula using any given sample of rumen liq 

It was of interest to know whether the ability 
stimulate cellulose degradation by rumen mic) 
yanisms is an exclusive property of fishery materia 
whether other known substances, alone or in com} 
tion, would produce a similar effect. A compariso 
the response of a rumen fermentation to varying | 
of whale solubles and a mixture of 18 amino a 
when each provided the same percentage of the | 
nitrogen present in the medium, is shown in tab 
It is evident that the amino acid mixture proy 
greater stimulation than the whale solubles, espe: 
at the lower levels tested. It is of interest that stir 
tion of the fermentation by amino acids increased 
maximum with increasing amino acid concentration 











fe) and then decreased. 

UNDILUTED 2:1 1.531 I: 05:1 As methionine has been found to be active in stimu- 
Fic. 1. The effect of inoculum size on the per cent increase in lating the growth ol penne aaah ” — : 
cellulose breakdown caused by the addition of whale solubles (Williams and Moir, 1951) methionine and cysiein —_ 
to a rumen fermentation. Abscissa: Dilution of rumen liquid. were both tested to determine their ability to stimulat expr 
The dilutions shown represent the number of parts of rumen the rumen fermentation. Neither amino acid showed nal 
liquid combined with one partj of air-free water. Ordinate: any activity under the experimental conditions used supp 
solubles. In all cases whale solubles supplied 33 per cent of the here. rhe ash of the whale solubles and * aes f . — 
total N present in the tubes. eight water-soluble vitamins (riboflavin, — thiamin, solul 

biotin, pantothenic acid, pyridoxal, para-aminobe:zoi ato 
typical experiment are shown in table 2. It can be seen acid, nicotinie acid, and folic acid) tested either slou of al 
that all the various supplements had approximately or in combination with the amino acid mixture wer state 


Per cent increase in cellulose breakdown produced by whale 


the same activity, their presence in most cases more also found to be without effect in stimulating cellulost cont 


than doubling the amount of cellulose digested. It is digestion. — 
also of interest to note that the two samples of whale The activity of whale solubles in the fermentstion DECOr 
solubles tested, though from widely separated regions system may be due solely to its amino acid coi ent capes 
of the world, had a similar stimulatory action. saab 
‘arly in the study it was discovered that the extent TABLE 3. A comparison of the ability of whale solubles «od ¢ the a 
of the stimulation produced by the fishery by-products Senha aoe innate teahimnats comeiane Geoghon of th 
in the fermentation varied considerably depending . 
upon the amount of rumen liquid added as inoculum. <STAUEAER UNIS OUR CENT nataad 
The phenomenon is illustrated in figure 1. When the LEVEL OF SUPPLEMENT* supp! 
rumen liquid added as inoculum was diluted with Wher 
warm, air-free water before adding to the fermentation ‘arb 
tubes, the extent of stimulation by the fishery supple- None 10 10 inal 
ment increased to a maximum as the dilution of the i = = — 
rumen liquid increased. Beyond this point of maximum 14s as por =e 
stimulation further dilution produced a decrease in the 33 35 5 40 
extent of stimulation in this experiment although, in 66 33.5 37.5 
general, it was found that if the rumen liquid was 
diluted much beyond 1:1, erratic nonreproducible hi aati Ter tthe aeidaiaans. Tenant Sande: ites 
results would frequently be obtained in the fermenta- with, enter. lestiation tas. t0he. 
tions. t MacLeod, 1950. 


by rumen microorganisms ent 


Supplement 


Whale solubles (local Amino acid mi 


| bles \ 
B carbe 
acid 
* Expressed as per cent of the total nitrogen present — hit! Cons 
e than 


carbe 
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fai Le 4. Effect of whale solubles on cellulose 


rumen m icy OOTYQANIUSMLS 


utilization by 
in the prese ice of an optim “une 


level of an amino acid mirture 


CELLULOSE 
UTILIZED 


SUPPLEMENT* 


\o 
\m 10 acid mixturet 
\m 10 acid mixture + whale solubles (loeal) 


* The amino acid mixture was added at a level which sup 
19 per cent and the whale solubles at a level which pro 
16 per cent of the total nitrogen. Dilution of rumen 

i: 1 of rumen liquid to 1.5 of water. Incubation time, 
r. 
lacLeod, 1950. 


Hoy ever, other factors may be involved. Therefore 
the ‘feet on cellulose degradation of combining whale 
soluvles with a level of amino acids in excess of that 
required to give maximum stimulation was determined. 
fhe results, table 4, reveal that the combination of 
vhale solubles and amino acids was about 5 per cent 
more active than the amino acids ‘alone. 

Qjualitative tests established the presence of carbo- 
hydrate in the whale solubles supplement. A quantita- 
tive determination of the carbohydrate content, made 
by applying the anthrone procedure (Viles and Silver- 
man, 1949) revealed a level of 94 micrograms per ml 
expressed as glucose. Carbohydrate at the level present 
nan optimum concentration of whale solubles, when 
supplied as glucose, was found to be capable of stimu- 
lating cellulose digestion to a small extent. As whale 
solubles were able to produce a small additional stimu- 
lation of the fermentation, when tested in the presence 
of an optimum amino acid level, it was of interest to 
know if this effect could be due to the carbohydrate 
content of the whale solubles. To test this possibility 
an experiment was devised, the nature of which will 
become clear from a discussion of the results of the 
experiment presented in table 5. No significant cellu- 
lose degradation took place in this experiment without 
the addition of supplements to the tubes. The presence 
of the amino acid mixture at a level supplying 33 per 
cent of the total nitrogen in the medium promoted a 
“onsiccrable degradation of cellulose while a_ level 
suppl: ing 49 per cent produced only slightly more. 
When 718 micrograms of glucose (twice the level of 
rarbo' vdrate supplied by the whale solubles in tube 5) 
vas ¢ bined with an amount of amino acid mixture 

suppl) ng 49 per cent of the total nitrogen an additional 

respo. e was obtained (tube 4). In tube 5, whale solu- 
bles w ve added at such a level that their nitrogen and 
carbo! -drate content replaced one-third of the amino 
paid} rogen and one-half of the glucose of tube 4. 

Cons rably more cellulose was digested in tube 5 
j than tube 4. As the supplementary nitrogen and 
tarbol drate are balanced in tubes 4 and 5, the addi- 


TABLE 5. Stimulation of cellulose breakdown by whale solubles 


in the presence of an amino acid mixture and glucose 


ELLU LOSE 
UTILIZED 


SUPPLEMENT 


Per cent 
0 
l 


None 
Amino acids* [33 per cent|t 
Amino acids [49 per cent] 


, 
5 

32.§ 
} 


’ 
Amino acids |49 per cent { 
ME.) 


Amino acids (33 per cent 


glucose 71S 


+ glucose (359 
ug.) + whale solubles (local) [16 per cent 
* MacLeod, 1950. 
+ The figures in brackets denote the percentage of the total 
nitrogen in the tube supplied by the supplement 


tional stimulation produced by whale solubles is not 
likely to be due to its content of amino acids or carbo- 
hydrate. The nature of the substance or substances 
producing the additional stimulation by whale solubles 
has not been established as vet. 


DISCUSSION 

In most in vitro studies of rumen fermentations a 
relatively massive inoculum of rumen liquid is used in 
an attempt to approximate as closely as possible condi- 
tions as they exist in the paunch of the living animal 
(Pearson and Smith, 1943; Burroughs ef al., 1950). 
Although these studies have yielded information of 
considerable interest, the large carry-over of nutrients 
with such an inoculum would tend to nullify any 
attempts to establish the true nature of the growth 
requirements of the rumen microorganisms. 

In the present study, the primary factor which 
determined the degree of response to the addition of 
supplements in the fermentations was the amount of 
rumen liquid added as the inoculum. There are two 
possible reasons for the fact that supplements which 
were active when a small inoculum was used were 
unable to stimulate cellulose breakdown appreciably 
when a large amount of rumen liquid was added to the 
fermentation system. Either the higher concentrations 
of rumen liquid contained nearly sufficient numbers of 
microorganisms to carry on the degradation of cellulose 
without a preliminary multiplication period requiring 
the presence of growth factors, or the larger volume of 
rumen liquid contained enough of the necessary growth 
factors to make the addition of supplements almost 
superfluous. Whichever explanation is correct, and 
probably both apply in varying degree, depending on 
the sample of rumen liquid used, the strong stimulation 
produced by the various supplements when only a 
small amount of rumen liquid is added as the inoculum 
suggests that cellulolytic rumen microorganisms require 
more than simple inorganic compounds for optimum 
growth. The conclusion that these organisms have 
complex growth requirements is not surprising, as 
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pure cultures of cellulolytic bacteria, isolated from 
bovine rumen fluid, have been found to require complex 
media for growth (Hungate, 1950). 

As the greatest stimulation of cellulose digestion is 
obtained by adding a mixture of amino acids to the 
medium, it appears that these compounds in particular 
can be numbered among the growth requirements of 
the microorganisms concerned. The conclusion that 
amino acids are required for growth by the cellulolytic 
rumen microorganisms does not necessarily conflict 
with the known fact that rumen microorganisms are 
capable of utilizing urea or ammonia for the production 
of bacterial protein (Pearson and Smith, 1943). In all 
probability, dependence of any of the species of micro- 
organisms on preformed amino acids would be restricted 
to a few amino acids in the mixture. The great propor- 
tion of the nitrogen required for the synthesis of bac- 
terial protein would still be derived from urea or 
ammonia. Casein and gelatin have been found by other 
workers to stimulate quite strongly cellulose digestion 
by rumen microorganisms (Burroughs ef al., 1951). 
However, these workers concluded that the nitrogenous 
requirements of rumen microorganisms are “relatively 
simple in nature, essentially involving ammonia and 
not involving the more complex forms of nitrogen, 
such as amino acids.” 

The finding that low concentrations of glucose stimu- 
late cellulose digestion in vitro confirms the observations 
of other workers (Hoflund eft al., 1948). The inability 
of a mixture of eight water-soluble vitamins to stimu- 
late the fermentation may merely be a reflection of the 
fact that the requirements of the organisms for one or 
more of these can be satisfied by the amounts of the 
compounds present in the rumen liquid added as in- 
oculum. Whale solubles stimulated cellulose digestion 
under conditions where it is unlikely that the effects 
could be due to their content of amino acids and carbo- 
hydrate. This fact suggests that one or more other 
substances, as yet not established, may be active in the 
nutrition of these organisms. 

The finding that the various fishery by-products 
tested can stimulate cellulose digestion by rumen 
microorganisms can best be accounted for by the fact 
that they can supply organic compounds, particularly 
amino acids, important in the nutrition of the cellulo- 
lytic rumen microorganisms. The possible practical 
significance of this finding, although a matter of specu- 
lation at this point, should nevertheless be considered. 
Poor quality forages high in cellulose but unable to 
supply compounds necessary for the growth of rumen 
microorganisms could conceivably be better utilized 
if supplements capable of supplying these requirements 
were included in the diet. During grazing, the paunch 
of the cow is quickly filled and a relatively small in- 
oculum of rumen microorganisms must multiply to the 
point where the population is of sufficient size to bring 
about cellulose digestion within a reasonable time. Even 


if a high quality forage is consumed, the growth fact +s 
required by the rumen microorganisms can be relea 
from the food only by the appropriate action of | 
terial enzymes. Supplements supplying growth requ. ¢- 
ments preformed and therefore capable of stimula 
the growth of the rumen population might be expe 
under these circumstances to increase the rat 
digestion of the food consumed. 
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SUMMARY 


Using the artificial rumen technique, it has ‘jee 
shown that cellulose digestion is strongly stimu!ated 


by the inclusion of whale solubles, herring  soli)les 
herring stickwater, and halibut muscle hydrolyss‘e i) 
the fermentation medium. The extent of the stinvula- 
tion was found to be dependent upon the amount oi 
rumen liquid added as inoculum, stimulation inecressing 
to a maximum as the size of the inoculum was de- 
creased. 

A mixture of 18 amino acids was found to be eve 
more active in stimulating cellulose degradation tha 
the whale solubles supplement used. The ash o! thi 
whale solubles, a mixture of eight water-soluble vita- 
mins, cysteine and methionine, showed no ability to 
promote the fermentation. Glucose at low levels pro- 
vided a small amount of stimulation. 

Evidence has been presented which indicates that 
whale solubles may contain one or more substanes it 
addition to amino acids and carbohydrate whic! ar 
capable of stimulating cellulose degradation by \ ume 
microorganisms. 

The strong stimulation of cellulose degradation by 
various supplements is interpreted as reflecting « re- 
quirement of rumen microorganisms for various ¢ owt! 
factors, in particular, amino acids. It is suggeste: that 
poor quality forages could be better utilized if + \pple- 
ments supplying compounds necessary for the ¢ owt! 
of rumen microorganisms were included in the « et 0! 
ruminants. 
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Lee and Burris (1943) obtained sufficient azotobacter 
cells, using a 200-gallon fermentor, to demonstrate the 
presence of several enzymes in cell-free preparations. 
Research of the past decade has increased considerably 
our knowledge of how to prepare bacterial enzymes and 
how specifie enzymes vary with experimental condi- 
tions and with physiological age of the organism. It is 
evident that enzymes of these earlier preparations from 
physiologically old cells possessed low specific activi- 
ties. Because of the usefulness of the azotobacter for 
examination of many aspects of bacterial respiration 
(Stone and Wilson, 1952), the large-scale production 
of the organism was re-examined in detail with the 
emphasis on the yield of cells with high enzymatic 
activity (end of the logarithmic phase of growth) 
rather than the total crop. Although the particular 
solution obtained in many of the problems applies 
only to the azotobacter, the method of study illustrates 
the tvpe of investigation that should be made with any 
organism to be used for extensive investigations of 
bacterial enzymes. Consequently, it is significant for 
this seneral problem in bacterial physiology. 


EXPERIMENTAL METHODS 


Az lobacter vinelandii strain 0 was grown at 30 C 
in Bu k’s N-free liquid medium (unless otherwise speci- 
fied) -repared according to Wilson and Knight (1952, 

S\ ported in part by grants from the Atomic Energy 
sion, the Rockefeller Foundation, and the Research 
tee of the Graduate School from funds provided by the 
in Alumni Research Foundation. 
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p. 53). Shake flask experiments were made with 25 m 
of medium in 500-ml Erlenmeyer flasks incubated on a 
100-rpm_ rotary shaker.* Aerated cultures were grown 
in 9-liter bottles essentially as described by Wilson and 
Knight (1952, p. 42). Humidified air sterilized by 
passage through sterile glass wool was supplied at a 
rate of 12 liters per minute, being dispersed by two gas 
dispersion tubes (Corning extra coarse) with fritted 
cylinders (maximum pore size of 170-2204), a total 
sparging surface of 2.7 square inches per bottle. 
The 200-gallon copper pilot plant fermentor used was 
described by Lee and Burris (1943); it contained 300 L 
of the basal medium, the solution of iron and molybde- 
num salts being sterilized separately by filtration. 
Thirty-six L of a 24-hour culture grown in six 9-liter 
serum bottles was the inoculum. The air supplied from 
a 30-lb line was dispersed through four cylindrical 
Aloxite diffuser tubes, * 40,? at the bottom of the tank. 
Each sparger had an outside diameter of 134 in and an 
over-all length of 9 in, a total 198 square inches of 
sparging surface in the fermentor. A secondary air line 
from a motor-driven blower supplying nonsterile air 
(Connersville Blower ¥* 35,‘ 0.1 cu ft per rev) was used 
late in the fermentation when the oxygen requirement 
was the greatest, and the possibility of overgrowth by 
contaminants was the least. Bottle and pilot plant 
cultures were routinely harvested in a_ refrigerated 
* New Brunswick Scientific Company, New Brunswick, 
N. J. 
3 The Carborundum Company, Perth Amboy, N. J. 
* Roots-Connersville Blower Corp., Connersville, Indiana. 
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Sharples supercentrifuge, although for rapid harvesting 

of the entire 300 L, a Westphalia yeast separator was 
more useful. 

For studies requiring extremely high rates of effec- 
tive aeration, 1.5 L of medium (6 per cent sucrose) 
plus 10 per cent inoculum was added to the 3.5-L 
fermentor fitted with a variable speed agitator described 
by Olson and Johnson (1949). The agitator was oper- 
ated at 1850 rpm, and air saturated with water was 
supplied at a rate of 6.0 liters per minute providing 
an effective aeration (Cooper, Fernstrom, and Miller, 
1944) of 10 mmol oxygen per liter per minute. 

Nitrogen was determined by the Kjeldahl procedure, 
a modification of the method of Folin and 
Wu (1920), and turbidities expressed as K-S units were 
measured in a Klett-Summerson colorimeter using ¢ 
660-muy filter. Dry weights were estimated by centrifug- 


sucrose, by 


ing the cells in 40 ml of culture medium and drying in a 
tared tube to constant weight in a vacuum desiccator 
containing sulfuric acid. 


RESULTS 
Small-Scale Fermentations 


Factors limiting the total yield of cells as well as 
causing the early break in the logarithmic phase of 
growth were investigated by varying the concentration 
of each constituent. No effect was noted by increasing 
the concentration of the potassium, magnesium, cal- 
cium, iron, molybdenum, phosphate, or sulfate ions 
over that 
disaccharides substituted for sucrose gave no better 
yields. Increase in the sucrose concentration from zero 
to about 3 per cent resulted in an increase in yield (as 
measured by nitrogen fixed) directly proportional to 


in the basal medium. Several mono- and 


TABLE 1. Effect of sucrose concentration on the yield and growth 
rate of Azotobacter vinelandii* 
k VALUEt 


SUCROSE IN MEDIUM FINAL YIELD (72 HR) 


per cent ug N/ml 
0 3.3 
1 287 128 
. 290 252 
290 378 
.276 475 
.276 560 
. 264 618 
667 
670 
667 
* Grown in 500-ml shake flasks. 


+ The velocity constant of growth in the logarithmic phase, 
the k value, is defined by the equation: 


2.3 


time in hours 


final growth 


ae 
initial growth 


In these experiments the * value has been evaluated tur- 
bidimetrically. 
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the sugar concentration with an over-all fixati 
efficiency of 12.6 ug N per mg sucrose. With 3 to 
per cent sucrose, the yield of cells increased althou 
the amount of N» fixed was no longer directly prop 
tional to the sugar concentration; sugar concentrati: 
greater than 7 per cent had no effect on yield (table 
The greatest quantity of nitrogen fixed resulting f1 
an increase in the sugar supply was 670 wg N per 

a value more than 2.5 times that obtained in the b; 
medium (2 per cent sucrose). The high yields did 
result from some stimulatory substance in the cc »- 
mercial sucrose since the yield could be duplica :d 
using CP sucrose. The increase in total fixation w th 
greater sugar concentrations was accompanied bh) a 
decrease in the growth rate, undoubtedly arising f 
the higher osmotic pressures; the velocity constan 
growth k (Wilson and Knight, 1952) decreased f; 
0.290 with | to 3 per cent sucrose to 0.264 with 6 
cent. 

The inability of the organism to utilize all the a 
able carbohydrate indicates that some nutrient 
become deficient for optimum growth. Increased 
centrations of all minerals known to be required by | 
azotobacter (potassium, phosphorus, magnesium, 
fur, calcium, ferric iron, and molybdenum) and also 
elements possibly needed in trace amounts (zine, cop- 
per, manganese, boron, and cobalt) were individually 
incorporated into the basal medium modified to cont ait 
excess sugar (8 per cent). Of the substances tested, 
iron alone exerted a stimulatory effect on the tota! N 
fixed. Maximum fixation was obtained using 8 ppm 
iron as FeCl;. After applying corrections for evapora- 
tion, the amount of N» assimilated after 72 hours ii 
this modified medium was 1,050 wg N per ml, a vield 
four times that obtained in the basal medium. his 
fixation is, as far as we know, considerably higher 
any reported previously in the literature. The effic: 
of fixation was 13.1 wg N per mg sucrose. 

Another variable that markedly influenced the 
of azotobacter was aeration or, more precisely, oxy; 
tion since the demand of these organisms for N» is 
small compared to that for O». Altering the volu: 
medium in the shake flask varied the effective aera ion, 


nan 


TABLE 2. Relationship of effective aeration to yield of « 
Azotobacter vinelandii* 


MMOL Oo/L/MIN K-st uGN /mit 
0.36 
0.638 
0.90 
1.54 


288 
349 
503 
528 


* The medium initially contained 4 per cent sucrose. 
in shake flasks. 

+ Klett-Summerson 
growth. 

t Final harvest (72 hr). 
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T LE 3. Growth of Azotobacter vinelandii under 


of high aeration* 


conditions 


HOURS wo N ML COs IN EFFLUENT GAST 


» / 
per cent 


3 


72 0.66 
6 170 1.6 
S 373 2.8 
y 54S 5 
10 710 3.4 
irown in 3.5-L stainless steel fermentors. Effective 
ver ion rate, 10 mmol O./L/min 


Jetermined by method of Maxon and Johnson (1952). 











th: is, the rate at which oxygen dissolves in the 
me !ium, as measured by the sulfite oxidation method 
(. oper, Fernstrom, and Miller, 1944). Increase in 
effi ‘tive aeration not only increased the total yield of 
cel but also gave a greater yield of bacteria in the 
act ve, logarithmic phase of growth (table 2). 

1e effect of O. supply was investigated further by 
em) toying the 3.5-L stainless steel fermentor designed 
to vive high rates of aeration. The major effect is pro- 
longation of the period of logarithmic growth. At the 
peak of the logarithmic phase, about 550 wg N» were 
fixed per milliliter of medium (table 3). Thus, by in- 
creasing the Os supply, the yield of cells in the exponen- 
tial phase of growth has been increased to a level more 
than three times that obtained in the large-scale 
fermentations (reported in the next section). At the 
time of harvest, and before the maximum fixation had 
heen. attained, 710 wg nitrogen were found per ml of 
medium in a fermentation time of 10 hours; the yield 
of dry cells was 6.33 g per L. In the ninth hour alone, 
175 ug N were fixed per ml, a value 70 per cent of the 
total fixation previously obtained in the complete 
culture cycle of the organism in the basal medium. The 
eficiency of fixation was 13.4 wg N per mg sucrose and 
the eficiency of conversion of sugar to cells was 12 
per cent. 


Large-Scale Fermentations 


The studies described in the preceding section were 
desig ed to determine maximum yields under optimum 
cond: tions, but the scale was small. The next stage was 
to de ermine how close these yields could be approached 
ising available apparatus sufficiently large-scale to 
prod. -e enough cells for routine use in preparation of 


ell-t 


e enzymes. A typical growth curve of a culture 


grow in aerated 9-liter bottles (figure 1) indicates that 
the © supply soon becomes a limiting factor, but even 
0, s: isfactory yields of active cells can be obtained. 
In va ‘ous experiments, the yield of cell paste from the 
Shar) es centrifuge varied from 5.8 to 12.0 grams per 
liter, lepending upon the age of the culture. Similar 
studi’ with Azotobacter agile 4.4, an organism with a 
more \pid growth rate in both flasks and in bottles and 
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iL 
Fic. 1. Growth curve of Azotobacter vinelandii in aerated 
bottle culture. (6 liters medium in 9-L bottle 


which produces large amounts of gum, gave yields of 
cell paste varying from 6.8 to 19.6 g per L, depending 
upon the age at harvest. 

The great demand for cells, especially of young or- 
ganisms, required for the study and purification of the 
enzymes extracted from these bacteria led to the pilot 
plant culture of azotobacter. Although higher growth 
rates were obtained using ammonium rather than 
molecular nitrogen, the latter source was used since 
this laboratory is primarily concerned with the study 
of the N.-fixing enzyme system. Typical data obtained 
from pilot plant culture of A. vinelandii are shown in 
figure 2 and table 4. Yields of cells at the peak of the 
logarithmic phase were as much as 5.1 g cell paste per 
liter of medium. In the experiment illustrated in figure 
2, the blower was turned on at 14 hours; more than 
160 wg nitrogen were fixed per ml before the end of 
the logarithmic phase. In a similar experiment made, 
however, without the benefit of increased aeration from 
the blower, the exponential phase ended at a level of 
fixation of about 100 wg N per ml, re-emphasizing the 
role of oxygen for the maintenance of active growth for 
this organism. 

At the 20-hour harvest in the experiment cited, the 
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Fic. 2. Growth curve of Azotobacter vinelandii in pilot plant. 
(300 L medium in 200-gallon copper fermentor). 


total yield was 1,530 g of a young active cell paste 
(68 per cent moisture) or 492 g of dry cells. In the 
process 3,060 g of sucrose were consumed with a net 
fixation of 51.0 g of Ne, an over-all efficiency of fixation 
of 16.7 ug N per mg sugar. The efficiency of the con- 
version of sucrose to cells was 14.1 per cent. Two addi- 
tional observations made on these cells appear to be 
noteworthy: a) the unusually long period of lag (figure 


2) possibly arising from the presence of copper; and 
b) the fat content of the cells, so high that a definite 
layer separated during centrifugation when preparing 
the enzymes. 


TABLE 4. Pilot plant culture of Azotobacter vinelandii* 


| 
| 
| 
| 


: MG G 
k-st uG N/ML z wre oe 


BOURS SUCROSE/ML CELLS/ML 


41 20. | 19.5 21 
41 21. 19.7 .20 
42 23. | 19.7 .20 
47 | 26.2 | 19.6 

52 | 6 | 22 
10 | 67 | ih | 18.2 .23 
12 | 87 | 46.2 | 

M4t | 125 | 74. 48 
16 =6| (190 |} 111 

Is | 256 159 | 17 
20 307 191 


* Grown in 200-gallon copper pilot plant fermentor. 
{ Klett-Summerson units. 
t Auxiliary blower turned on at 14 hours. 


Preparation of Enzymes 


Azotobacter vinelandii offers many advantages 
enzyme production: it is easily grown in a sin 
medium using molasses, a cheap carbohydrate sou 
and requiring the addition of neither growth fac 
nor fixed nitrogen (Lee and Burris, 1943). The enzy 
of this bacterium are of special interest because of 
organism’s very high respiration rate, its almost ; 
plete oxidation of substrate, and its ability to ut 
molecular nitrogen. The enzymes can, as a rule 
readily prepared cell-free by any one of many met! 
of grinding or by disruption in a sonic oscillator. Fr 
cells may be stored for extended periods; for exan 
cells obtained from the pilot plant fermentor 
stored at —10C until they were used. Enzyn 
activity of such organisms remained essentially 
changed for a period of several months. With A. « 
however, a rapid loss of activity occurred in f1 
material, so that all cells that could be conveni 
handled at one time could be supplied from | 
cultures, and no pilot plant experiments were ma: 

Extracts, made usually in a refrigerated 10-ke |tay- 
theon magnetorestrictive oscillator (Wilson and Kiight, 
1952) of cells grown in 9-L bottles or in the 200-g:llon 
fermentor have been prepared, and the following en- 
zymes and enzyme systems have been studied }) 
various workers in this laboratory: A system catalyzing 
the individual steps as well as the complete tricarboxyli 
acid cycle (Stone and Wilson, 1952; Repaske and 
Wilson, 1953), a-ketoglutaric oxidase (Lindstrom, 
1953), hydrogenase (Green and Wilson, 1953), a soluble 
succinoxidase (Repaske, Wilson, and Mahler, 1!)53 
and the system responsible for fixation of N»2 (Hamiltoi 
et al., 1953). In addition, as yet unpublished studies 
are under way dealing with fumarase (R. M. Bock and 
R. A. Alberty), the cytochrome system (T. G. G 
Wilson), and the system concerned with prelimiuary 
breakdown of carbohydrates (L. E. Mortenson 


DISCUSSION 


The chief conclusion from this investigation 0! pro- 
duction of azotobacter cells for preparation of enzymes 
is that the yield of suitable cells will, under ord iar 
circumstances, be a function of the supply of ox, gen 
Under the conditions used in these experiment> the 
major factor limiting prolongation of the logari: imi 
period (at which stage the cells possess the hi hes! 
specific activity of the enzymes that we have ee! 
studying) depends almost solely on the effectiven: -s 0! 
aeration. The importance of oxygen supply to nit: ge! 
fixation has been previously cémmented on (\\ ‘so! 
and Burris, 1947), but its significance for max) .um 
production of specific enzyme systems has been «pre: 
ciated only qualitatively. The experiments dese ‘bed 
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he ve provide data on aeration requirements which must 
be provided for in the design of apparatus for large- 
s: le production of this organism if future needs exceed 
th present one. It is clear that with the large-scale 
ec lipment used in this study only a fraction of the 
posible yield of suitable cells was obtained. Study of 
th growth curves together with estimation of the 
efi ctive aeration made it evident that the limiting 
fa tor was ability to supply the cells with sufficient 
ox gen. The laboratory studies with the fermentor 
de gned to overcome this handicap (Olson and John- 
so: , 1949) suggest that with apparatus already designed 
fo: plant-scale operation, for example, growth of yeast 
(Ii skeep et al., 1951), greatly increased yields of suitable 
az tobacter cells would be obtained. 

. second point of interest is that once the limitation 
of oxygen supply is met, the medium previously be- 
lieved to be optimum for growth is deficient. First, 
th: energy supply must be greatly increased, and when 
this is done, the supply of minerals, initially iron, 
becomes inadequate. When aeration is adequate, Burk’s 
medium should be modified to contain at least 6 per 
celit sucrose and 8 ppm Fet**. With a technique of con- 
tinuous feeding so that osmotic effects would not limit 
the maximum concentration of nutrients, it is likely 
that both the over-all yield as well as the total nitrogen 
fixed could be increased to a level even greater than 
those reported in this study (which are among the 
highest, if not the highest, in the literature). 

Finally, a calculation of some theoretical interest for 
the mechanism of nitrogen fixation can be made from 
the data of the run in the 3.5-L fermentor. Between the 
8th and 9th hours the effluent gas contained approxi- 
mately 3 per cent COs; since air was being supplied at 
the rate of 6.0 L per min, this corresponds to a rate of 
CO, production of 10.8 L per hr. Assuming a mole for 
mole conversion of the O2 consumed by the organism to 
the COs evolved, a good approximation in the azoto- 
bacter (Fife, 1943a, b; Lineweaver, 1933), the Oz 
consumed by the cell in respiration is 10.8 L at 30 C or 
0.43 moles Ov. In the same time interval, 175 ug nitro- 
gen were fixed per ml at 30 C or a total of 0.0094 moles 
No in the fermentor. Thus the ratio of moles N» fixed 
per mole O» consumed is 0.022, a value comparable to 
those obtained in manometric trials by Meyerhof and 
Bur! (1928). 


SUMMARY 


The total quantity of molecular nitrogen fixed by 
Azolhacter vinelandii is proportional to the concen- 
tration of sugar in the medium with an over-all fixation 


effi’ ney of about 12.6 ug N» assimilated per mg su- 
eros’. At high carbohydrate levels the total yield is 
apps ently independent of the sucrose concentration, 
but + .is effect arises from a deficiency of iron. The yield 
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of young cells which are the ones of chief interest for 
preparation of many enzymes is primarily dependent 
upon effective aeration. With high rates of aeration in a 
3.9-L fermentor, a yield of 6.3 g dry weight of young 
cells per liter of medium was reached. 

In an investigation of growing the cells for produe- 
tion of cell-free enzymes, comparatively large-scale 
cultures were grown either in 9-L bottles or in a pilot 
plant fermentor with 300 L of medium. Although the 
yields, expressed as ug N per ml, in these large-scale 
experiments were much lower than those obtained in 
the laboratory under more optimal conditions (1,050 ug 
N per ml), they were satisfactory for present require- 
ments. The total yield was as much as 1500 grams of 
active cell paste in a single fermentation. Cells har- 
vested from these cultures could be stored easily and 
possessed high enzymatic activity. Physiologically 
active extracts of such cells were prepared with little 
difficulty, and several of these cell-free enzymes 
been studied and partially purified. 


have 
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Mineral oils, when emulsified with materials such as 
soaps of petroleum sulfonates, fatty acids, abietic acid 
or resin, are referred to as soluble oils. These oils, mixed 
with water, form stable emulsions which are universally 
employed as coolants and lubricants for drilling, cut- 
ting, and grinding of metals. In addition to the emulsi- 
fying agent, soluble oils may also contain fatty oils, 
disinfectants and emulsion stabilizers. 

The oils supplied by the manufacturer are sterile, 
but when mixed with water in the machine shop they 
support microbial growth (Duffet ef al., 1943; Fabian 
and Pivnick, 1953; Lee and Chandler, 1941; Page and 
Bushnell, 1921). In fact, contaminants from soil, floor 
sweepings, air, river water, and feces grow readily in 
these emulsions (Fabian and Pivnick, 1953). 

The C. B. Dolge Company (undated pamphlet) has 
reported that feces and other body discharges are 
found in soluble oil emulsions. Duffet ef al. (1943), 
Page and Bushnell (1921), and Pivnick and Fabian 
(unpublished data) found coliform bacteria in samples 
obtained from factories in the United States. Recently, 
Pivnick (unpublished data) has found that emulsions 
from factories in Great Britain, Canada, and the United 
States contained between 10° and 10° coliform bacteria 
per ml. 

The relationship of fecal pollution to the spread of 
enteric diseases suggested that an investigation of 
enteric pathogens in soluble oils should be undertaken. 
Preliminary experiments by Okawaki (1953) showed 
that enteric pathogens grew well in this medium. This 
report is concerned with the growth of some representa- 
tive enteric pathogens and Klebsiella pneumoniae. 


MATERIALS AND METHODS 


Oil emulsion. The oil sample was obtained from a 
local depot of a nationally recognized petroleum com- 
pany. This sample contained mineral oils emulsified 


with soaps of petroleum sulfonate and resin. The san 
was mixed with tap water to give an emulsion cont: 
ing 2 per cent oil, and sterilized by autoclaving 
15 minutes at 121 C. 

Cultures. Cultures of Salmonella, Shigella and k 
stella were generously supplied from the stock cult 
collections of the University of Nebraska, Unive: 
of Michigan, The Ohio State University, Dr. E. ¢ 
of the Michigan State Department of Health, and 
P. R. Edwards of Chamblee, Georgia. Cultures \ 
also obtained from the American Type Culture Co! |ec- 
tion (A.T.C.C.). The name and source of the indivi 
cultures are given in table 1. 

Inoculum. Cultures were grown in nutrient brot! 
18 to 24 hours at 37 C, washed with physiological s: 
and inoculated into the oil emulsions. Inoculum 
was varied to yield from 10‘ to 10° cells per ml of e 
sion. The gram reaction, motility, and sugar ferm« 
tions of each culture showing growth in the emuls 
were checked 4 days after inoculation. 

Culture methods. The inoculated emulsions 
incubated at 30C. Aliquots were removed after 
and 8 days incubation and plated on nutrient 
Agar plates were incubated at 30C and col 
counted after 72 hours. 


EXPERIMENTAL RESULTS 

Thirty different strains of enteric pathogens and 
strains of Klebsiella pneumoniae were tested for 
ability to grow in soluble oil emulsions. Represent 
data from these experiments are shown in table 1. 

Genus Salmonella. All strains of S. schottmu: 
S. typhimurium, S. oranienburg, and S. pullorum 
readily in oil emulsions. Conversely, all six strai 
S. paratyphi, and three of the four strains of S. ty) 
tested failed to grow. The remaining strain of S. fy; 
(obtained from Dr. P. R. Edwards) grew readily ° 





GROWTH OF PATHOGENS IN SOLUBLE OIL EMUBSIONS 


TaBLe 1. The growth response of several strains of enteric organisms and Klebsiella pneumoniae in soluble oil emulsions 


VIABLE ORGANISMS PER ML 
ORGANISMS 


0 days 2 days 4 days 


nonella shottmuelleri 16,000 375, 000 16, 100,000 OOO 


84,500, 000 531, OOO 
nonella shottmuelleri (3 3,340, 000 200,000 4,800,000 () OOO 
nonella typhimurium (: 15,500 125,000 165, 000 OOO 
nonella typhimurium (3 90, 000 640, 000 320,000 : 000 
nonella typhimurium 166, 000 8,000, 000 2,000,000 2, 000 
nonella oranienburg 76,000 160, 000 5,500,009 29, OOO 
ionella oranienburg 111,000 ,000, 000 500, 000 25, 000 
wonella pullorum (2 2,400 620,000 35, 600 , 000 34, 000 
wnella paratyphi (2 180,000 1,309 000 SO 
ionella paratyphi (6 705, 000 25,000 No data 520 
ionella typhosa (2 120,500 12,000 18,750 O00 
2 400,000 73, 200, 000 ey OOO 
ella sonnei (3) 10,000 ), 800 1,800 0 
ella sonnei (5 193,000 9,050 , 600 100 
ella sonnei (4) No. 9290 662,000 8,000 3,700 , 300 
0 0 
0 0 

7,800 2 600 1,700 
stella pneumoniae (3 ; 101,000 10, 400, 000 $1,000,000 7,000, 000 


nonella shottmuelleri ( 53,000 2,610, 000 


onella typhosa 


ella dyse nteriae (5 109,500 200 
ella dysenteriae (4) No. 9665. 316,000 0 
siella pneumoniae (4) No. S044 9, 100 


yuurces of cultures 1) Michigan State Department of Health. (2) P. R. Edwards, Chamblee, Georgia 3 


University of 
aska. (4) American Type Culture Collection. (5) University of Michigan. (6) The Ohio State University. 
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Fic. 1. A comparison of the growth responses of representative pathogens in soluble oil emulsion 
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a large inoculum was employed. When, however, a 
small inoculum (10* cells per ml) was used, the viable 
count decreased for 2 days and then slowly increased 
(figure 1). This strain, when typed, gave the typical 
serological characteristics of S. typhosa. 

Genus Shigella. Four strains of S. sonnei and five 
strains of S. dysenteriae rapidly decreased in numbers 
and could not be detected after the tenth day of 
incubation. 

Genus Klebsiella. The ATCC strain of K. pneumoniae 
slowly decreased in numbers, and disappeared entirely 
after the twenty-first day of incubation. However, the 
University of Nebraska strain increased steadily in 
numbers during the incubation period. Subcutaneous 
injection of small number of cells of the latter strain 
into white mice rapidly resulted in the death of the 
animals. Controls injected with heat-killed organisms 
survived. 

Observations indicate that species within a genus and 
even strains of a single species differ markedly in their 
ability to survive and multiply in soluble oil emulsions. 
However, the ability of a strain to initiate growth in 
emulsions was not dependent upon inoculum size. 
When growth occurred, a peak was generally reached 
within 4 days, followed by a gradual decline in numbers 
over the remainder of the incubation period. 

A comparison of the growth response, when approxi- 
mately equal inocula of four different species of Sal- 
monella and one species of Klebsiella were introduced 
into oil emulsions, is found in figure 1. 


DISCUSSION 


The growth or survival of pathogens in petroleum 
emulsions presents some interesting problems from the 
standpoint of industrial hygiene and public health. 
Workers frequently expectorate into the emulsions, 
possibly introducing Mycobacterium tuberculosis and 
other respiratory pathogens present in the sputum. 
Also, judging from the frequency of coliform bacteria 
in emulsions used industrially, fecal material must be 
added inadvertently. 

The emulsion contaminated by one worker may come 
into direct contact with the hands of many other 
workers. Also, hundreds of machine-shop workers may 
inhale spray droplets of the emulsion which arise from 
grinding operations. Thus, there is ample opportunity 
for infection of the intestinal tract, either directly, by 
nasal drip into the throat, or by infectious materials 
on the hands. 

Although there has been some work done on the 
disinfection of soluble oil emulsions (Dow Chemical 
Company, 1951; Lee and Chandler, 1941; Pivnick and 
Fabian, 1953), it is evident from the bacterial popula- 
tions of emulsions used industrially that disinfection is 
not a panacea. One industrial engineer, supplying a 
sample of used emulsion for some of our work, stated 
that by using a recommended disinfectant microbial 


growth was adequately controlled in their facto 
Nevertheless, the sample contained 3,000,000 bact: 
per ml with coliform bacteria present in a 10~° dilut 

of the emulsion! Moreover, Schwartz (1949), 
authority in the field of industrial dermatitis, sugg: 
that care must be used in adding disinfectants to_ ji 
emulsions lest excessive concentrations of the di 
fectant cause skin irritation. If disinfection is to s: ye 
this problem, it seems advisable that it be supery ed 
by trained personnel. 

This survey indicates that some respiratory nd 
enteric pathogens survive and multiply in oil emulsi jis, 
As industrial employees frequently come into cor act 
with these emulsions, it is of utmost importance: to 
determine the fate of these and other pathogens wu: der 
actual working conditions. 
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SUMMARY 


Thirty strains of enteric pathogens and two strains 
of Klebsiella pneumoniae were tested for their ability 
to grow in a soluble oil emulsion. All strains of Sal- 
monella schottmuelleri, Salmonella typhimurium, Sal- 
monella oranienburg, and Salmonella pullorum grew 
readily. Six strains of Salmonella paratyphi and three 


strains of Salmonella typhosa did not grow. One strain 
of S. typhosa grew readily if a large inoculum were 
used. One strain of Klebsiella pneumoniae grew well 
whereas one strain died out within 21 days. 
The significance of this work with respect to public 
health is also discussed. 
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4 


jueous wastes are by-products in the catalytic 
era king of petroleum and contain, in addition to 
phe ols, sulfides, volatile 
ammonia, and cyanide in 
Elin. ination of 


hydrocarbons, chlorides, 
concentrations. 
these undesirable elements prior to 
their discharge into natural waterways would preserve 
the natural and most desirable qualities of that water 
for ‘uture recreational, municipal and industrial uses. 

Extraction, adsorption, catalytic 


various 


oxidation, and 
biological processes have been used successfully for the 
treaiment of such wastes. Only the latter can be con- 
sidered most suitable from an economical standpoint. 
Harlow et al. (1938) have worked with this process 
using a full-scale biological treatment plant con- 
structed by the Dow Chemical Company. This plant 
was placed in operation about 1937 and is in operation 
at the present time. 

The work described here was undertaken to deter- 
mine the nature of the biological treatment involved 
in phenol destruction and factors influencing the effi- 
ciency of such process, with the hope of developing 
phenol-resistant strains of microorganisms capable of 
metabolizing this aromatic compound. 

Phenol has long been used as a disinfectant. Lord 
Lister was the first to use it in aseptic surgery. Grant 
and Zobell (1942) stated that phenols in low concen- 
trations are not only nonlethal to certain bacteria, but 
also can be metabolized. Buddin (1914) and Matthews 
1924) found that phenol in certain concentrations 
encouraged the growth of microorganisms in the soil. 
Fowler et al. (1911) established that phenols present in 
sewage or other decomposing matter failed to prevent 
bacterial growth. Gray and Thornton (1928) used a 
salt medium containing phenol as the sole source of 
carbon in a concentration of 1000 ppm to isolate 
pheno!-resistant organisms from the soil. Berger and 
Wyss (1953) reported that Micrococcus pyogenes var. 
aureus can be propagated to resist up to 0.2 to 0.3 per 
cent penol. The effect of phenol on bacteria was also 
described in the literature by Fogg and Lodge (1945) 
and Gale and Taylor (1947). 

Pre 
Branch 
sity of } 


ited at the Bi-State Meeting of the Michigan-Ohio 
of the Society of American Bacteriologists, Univer- 
chigan, Ann Arbor, Michigan, May 15-16, 1953. 


MATERIALS AND Mernops 


Studies were begun after the construction of a minia- 
ture treatment plant, including a trickling filter which 
served as a site for growth of the selected organisms, 
before and after the addition of phenolic wastes. The 
treatment plant consisted of two measuring boxes and 
a small chemical feeder, each box supplying one liquid 
constituent through a common feed pipe to the trick- 
ling filter. The combined liquids were distributed over 
the trickling filter by a miniature reaction-type rotary 
distributor. A small settling tank was provided to 
receive the filter effluent. Two Eastern centrifugal 
pumps, with controls and protective devices, and two 
supply drums completed the installation, which was 
named the pilot plant. 

One of the centrifugal pumps was used for recircula- 
tion of the settled filter efluent and to provide sufficient 
flow to drive the distributor. The second pump supplied 
fresh waste from the appropriate drum. The rate of 
addition of each stream was controlled through the 
measuring boxes. Microscopic slides, slightly etched, 
were placed on the surface and also embedded in the 
stones of the filter, thus providing a surface comparable 
to the filter stone for the growth of the organisms. This 
procedure provided a simple means for bacteriological 
examination. The growth was washed from a slide with 
99 ml of sterile distilled water to give a suspension of 
1:99 for counting or other analyses. 

Standard procedures for the isolation of aerobic 
organisms were used. The anaerobic bacteria were 
isolated in pure cultures with the aid of the shake cul- 
ture method modified by Hamdy (1949) using tubes 
anaerobically sealed with pyrogallic acid and potas- 
sium hydroxide (figure 1). 


Culture Media 


The following media adjusted to pH 7.2 with and 
without phenol? were used: 


Tryptone glucose extract agar. 
Brain heart infusion broth. 


2 Difficulty in obtaining desired concentrations of phenol 
in solutions prohibited the use of the original waste liquors. 
Aqueous solutions of C.P. phenol were used in all experiments 
and at an early date replaced the original liquor on the filter. 
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Fic. 1. Anaerobic culture tubes. a, Freshly inoculated tube. 
b, Freshly inoculated tube-—after hand shaking and anaerobic 
sealing is completed. c¢, d, Colonies visible in media. Stains on 
cotton plug are from oxidized pyrogallie acid. e, Stock culture 
(stab) of anaerobic organism. 


Settled sewage (sewage from which some of the solids have 
settled out in a tank during quiescence or slow flow). 

Ammonium phosphate media, | g of ammonium phosphate 
dibasic per liter of distilled water. 

Salt solution, made of 1.0 g ammonium nitrate, 0.5 g dipotas- 
sium hydrogen phosphate, 0.01 g ferric chloride, 0.1 g sodium 
chloride, 0.2 g magnesium sulfate per liter of distilled water. 

Vigoro* medium, concentrations ranging from 10 to 0.25 g 
of Vigoro per liter of distilled water. 

Phenol-Resistant Bacteria 

These microorganisms were developed on the filter 
in the following manner. 

After normal bacterial growth was well established 
on the filter bed, using settled domestic sewage, a 
phenol solution was added to settled sewage at a con- 
stant rate to give approximately 25 ppm to the filter 
feed. The phenol concentration was increased slightly 
at 3-week intervals for a period of 6 months to a final 
concentration of about 400 ppm. 

After the initial conditioning of the filter but before 
phenol was added, a total of 25 strains of bacteria and 
| strain of an actinomycete were isolated aerobically. 
Of the bacterial strain, 15 were gram negative short 
rods, 5 gram positive long rods, and 5 gram positive 
cocci. There were also 8 different types of bacteria 
isolated anaerobically: 3 gram positive sporeforming 
rods, 3 gram positive rods, | gram positive Strepto- 
coccus, and 1 gram negative short rod. All 8 types of 
bacteria were facultative anaerobes. Higher forms of 
life were also present on the filter. 

3 Vigoro is a plant fertilizer manufactured by Swift and 
Company and contains: 

per cent 
Nitrogen eae 6.00 
Available phosphoric acid 10.00 
Potash (KO) soluble in distilled water 4.00 
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When 25 ppm of phenol were added with dome: 
sewage the total number of microorganisms decrea 
very markedly on the filter. However, when the phx 
feed was interrupted the numbers increased \ 
sharply over a 2-week period. When phenol again 
added a decrease in the number of organisms was ag jj), 


observed, although the reduction was not as abrup as 


formerly. This procedure was continued for 6 mon \\s 
ach subsequent application of phenol was slig ¢\y 
higher in concentration than the previous one. 

The striking observation made over this period yas 
that each application of steadily increasing conce) ra- 
tion of phenol resulted in consistently lowered dat! 
rate in the bacteria present. 

At the conclusion of a 6-month period a total {7 
predominant types of organisms remained on the { te 
This group was subdivided as follows, 3 gram neg: (ivy 
short rods, 2 cocci, 1 long rod, and 1 sporeforming rod 
All of these organisms were facultative anaerobe.. [| 
can be assumed that either mutation, selection 0 
phenol-resistant types from the sewage, or bot! oc- 
curred after the introduction of phenol. 


Analytical Methods 

For quantitative analysis of phenol, the p-nitro 
sodimethylaniline method, modified by Hill and [lern- 
don (1952) was used. This method has recently bee: 
discussed by Nusbaum (1953). 

The conventional Warburg manometric techniques 
described by Umbreit et al. (1949) were used with « 
water bath maintained at 48 C. 

RESULTS 

When the phenol-resistant flora were established o1 
the filter bed, as previously reported by Sheets «/ « 
(1953), studies were made to investigate their plienol- 
destroying properties. The mixed cultures were used as 
a 1 per cent inoculum in sterile sewage medium con- 
taining 212 ppm phenol which was incubated at 37 ( 
Routine analyses for phenol were carried out every 24 
hours. Within 3 to 5 days complete destruction 0! 
phenol was evident. These experiments were repeated 
several times with similar results. The contro! igur 
recorded in the tables is the average of determi: tions 
made at all of the time intervals. 

In the previous experiment, a number of the ss uples 
did not follow the general pattern. For some reas« ), thi 
reduction in quantity of phenol was retarded Thi 
concentration of the organic matter in the s wag 
varied from day to day. This variation led th 
assumption that supplementary sources of ca: oh) 


drates were detrimental. The following experime | We 


conducted to investigate this assumption. 


Effect of Lactose 
The selected microflora were inoculated into 
sewage medium plus 212 ppm phenol and into 


pho 
mi 
ore 
tlo 
be 

{ 
des 
ocu 
sets 
phe 
pers 
tab 
mic 
Afte 
Was 
plan 
step 
pres 
pare 
phe 
heat 
the 
iner 
tims 
app! 


TAB 





l\ 
as 

ra- 
ith 

1 i 

tel 

Ve 

od 

lt 

Ol 

OU- 
tro- 
[lern- 
Heel 
1iques 
vith a 
it d Ol 
tal 
yhenol- 
ised as 
n ¢con- 

Poe 

Lion ol 
“| ated 
| igure 
! tons 
se nples 
soa, the 
ds The 
s wage 
the 
a sohy- 
1e Was 
o » ttle 





T: BLE 1. The effect of carbohydrate (lactose 


CONCENTRATION IN PARTS PER MILLION 


ME IN HOURS 
Settled sewage 
Contre Settled sewage pape ce rg 
= + phenol p 

per cent lactose 

24 212 103 211 

48 212 37 211 

72 212 0 211 


se age medium plus 212 ppm phenol and 1 per cent 
la ‘ose. The media were contained in standard dilution 
be tles incubated at 37 C. 

*henol analyses were carried out every 24 hours. The 
re. ilts, as recorded in table 1, show that the presence 
of actose inhibited the phenol destruction. 


Effect of Temperature 


rgrova (1946) reported that a Bacillus thermo- 
phnolicus n. spec.. was five times as efficient as the 
mesophilic types for phenol destruction. Although the 
organisms studied here did not conform to his descrip- 
tion, it was felt that the effect of temperature should 
be investigated. 

Lsing settled sewage-phenol media, as previously 
described, several standard dilution bottles were in- 
oculated with the mixed flora from the filter bed. The 
sets of bottles, containing the same concentration of 
phenol (212 ppm) were incubated at different tem- 
peratures; 20 C, 37 C, and 55 C. The results shown in 
table 2 indicate that the optimum temperature for the 
microflora to destroy phenol was between 37 and 55 C. 
After this experiment was repeated several times, it 
was decided to increase the temperature of the pilot 
plant system from room temperature to 55C in a 
step-wise procedure with a 5 C increase per week in the 
presence of phenol. This temperature was more com- 
parable to the actual temperature of the aqueous 
phenolic waste at the refinery. Electric immersion 
heaters were therefore placed in the settling tank. As 
the temperature increased there was a corresponding 
increase in bacterial growth on the filter stone, and, as 
time elapsed, the reduction of phenol at 55C 
approached the results shown in table 3. 


Tap. 2. The effect of temperature on the reduction, in quantity, 
of phenol by phenol-resistant microorganisms 
SEWAGE-PHENOL MEDIUM 
ven Phenol concentration in parts per million 
HC 
Incubation temperature, C 
Control 
20 37 55 
2 212 211 92 100 
1 212 177 18 22 
7 212 133 0 0 
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) on the reduction, 
in quantity, of phenol by phenol-resistant microorganisms 
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TABLE 3. The effect of temperature on the reduction 


of phenol by a short rod* 


, in quantity, 







SALT SOLUTION PHENOL MEDIUM 


Phenol concentration in parts per million 
TIME IN 
HOURS 
Incubation temperature, C 
Control 
20 37 35 
24 212 212 170 101 
18 212 170 27 0 
(2 212 127 0 


* Tentatively classified as Pseudomonas and found pre- 
dominantly on pilot plant filters operating at 55 C. 


With the pilot plant operating at 55 C, the types of 
microflora found were a gram negative short rod, a 
gram positive coccus and a gram positive sporeforming 
rod, belonging to the genera Pseudomonas, Micrococcus, 
and Bacillus, respectively. These organisms, respons- 
ible for the destruction of phenol, were difficult to 
identify according to Bergeys Manual (Breed, Murray, 
and Hitchens, 1948). The growth of these organisms 
in the presence of phenol apparently had resulted in a 
selection of types not having many of the normal 
physiological characteristics. 

The short rod (Pseudomonas) predominated over the 
other two types. A pure culture of this organism was 
obtained and was found to possess a marked ability 
to reduce phenol in salt phenol medium at both 37 and 
55 C with the greater activity observed at 55 C (table3). 
A preliminary manometric study using the Warburg 
apparatus and cells of this bacterium grown in both salt 
phenol medium and nutrient broth with and without 
phenol showed interesting results. Only cells grown on 
the salt phenol medium demonstrated activity with 
catechol, resorcinol, and phenol, while none of the 
cells were active on hydroquinone and benzoic acid 
(figure 2). Evidently adaptive enzymes are involved in 
the metabolism of phenol, catechol and_ resorcinol 
by the organism under investigation. The lack of 
activity on phenol, catechol and resorcinol by cells 
grown in nutrient broth plus phenol may be due to 
failure to produce the adaptive enzymes attacking 
phenol when nutrient broth ingredients are present. 

Further study on the organisms present on the filter 
is under way with the hope of securing more information 
regarding their identity and ability to metabolize 
phenol in high concentration. 


Effect of Oxygen 

Several bottles of the sewage-phenol medium were 
inoculated as previously described. Half of these bottles 
were sealed anaerobically, and the remaining were in- 
cubated aerobically. Both sets were incubated at 37 C 
and 55C. The results of these experiments indicate 
that there was very little destruction of phenol under 
anaerobic conditions (table 4). 
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Fic. 2. Oxygen uptake by cells of the short rod bacterium grown for 36 hours in the salt phenol medium (250 ppm phi 


All flasks contained phosphate buffer (pH 7.0, 0.15 mM) and 1.0 m of substrate. 


TABLE 4. The effect of aerobic and anaerobic conditions on the TaBLe 5. The effect of supplementary media on the dest 
reduction, in quantity, of phenol by of phenol by microorganisms on the filter 


phenol-resistant microorganisms 


PHENOL CONCENTRATION IN PARTS PER MILLI 


SEWAGE-PHENOL MEDIUM 
TIME IN HOURS R 
Ammonium 
phosphate 
medium 


7 Settled sewage Salt solr 
Phenol concentration in parts per million medium 
TIME IN 
HOURS ae " " 
Aerobic Anaerobic o = 
Control 50.0 50.0 
55 C 7c 55 C 39.1 35.5 32. 
36.: 27.7 14. 
205 212 : : 16.1 0 
186 211 13. 2.0 
176 205 F 1. 0 


| 


Optimum Conditions for the Propagation of Bacteria 
and Biological Destruction of Phenol 


optimum nutritional balance necessary for the 
The previous experiments showed that the developed efficient destruction of phenol. 

microflora can resist relatively high concentrations of Three media—settled sewage, ammonium 

phenol and have the capability of destroying it. Be- phage, and salt solution as previously described 

cause these bacteria appear to use phenol as a source of compared. Fifty ppm phenol were added with 


carbon, experiments were conducted to determine the medium to the pilot plant in a batchwise ma 
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TasLE 6. Efficiency of phenol destruction by the microorganisms 
present on the filler bed using salt solution with various 


concentrations of phenol 

















{E IN 














































URS CONCENTRATION OF PHENOL IN PARTS PER MILLION 

0 50.0 100.0 200.0 400.0 
1 32.3 — — 

2 | 14.6 52.9 — | _ 

3 0 34.7 —_ 

1 22.5 -— — 

5 9.9 — 

6 0 — 

10 12.7 - 

11 3.8 

12 0 — 

i 64.4 
6 21.9 
8 7.0 










Analyses for phenol were made at short intervals 
(146 to 1 hour). These experiments were repeated 
several times and the average. results, reported in 
table 5, show that phenol reduction, in quantity, was 
most rapid with the salt solution as a supplement. 
The phenol concentration in the salts-supplemented 
medium was then increased to 100, 200, and 400 ppm. 
The rate of phenol destruction remained almost the 
same as shown in table 6. 

Studies were made to replace the salt solution with a 
more practical supplement. The commercial fertilizer, 
Vigoro, was tried and it was found that the rate of 
phenol destruction with this supplement was compar- 
able to the rate obtained using the salt solution. 

The optimum concentration of Vigoro for maximum 
growth and destruction of phenol was investigated. 
Concentrations of Vigoro in the medium, ranging from 
1.0 per cent to 0.025 per cent, were used with a constant 
phenol concentration of 200 ppm. A 2 per cent inoculum 
of a suspension of the mixed culture from the filter bed 
was added to each of these media and incubation was 
carried out at 55 C. 

Serial analysis for phenol was performed every 24 
hours and the average results showed that the best 
concentration of Vigoro for supporting the growth of 
the phenol-destroying organisms was 0.1 per cent. 
Vigoro was then added to the pilot plant in that con- 
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centration with similar results. 
DISCUSSION 

The biological treatment of phenolic wastes using a 
e most trickling filter is a rather simple and economical 
process. The selection of microorganisms resistant to 
108 higher concentration of phenol, and capable of produc- 
— vere fe Me avaptive enzymes which metabolize the phenol, 
h -ach JB ems ‘0 be the most important factor contributing to 
aS such a method. Media, except for carbon source, which 











was si pplied by the phenol, enables the phenol-re- 
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sistant bacteria to continue the metabolism of the 
phenol at the tentative rate of 0.9 to 1.2 pounds per 
square yard of filter stone per day at 55 C. 

The lack of phenol destruction in the presence of 
lactose and lack of oxygen uptake in the manometric 
study by cells grown in nutrient broth plus phenol 
may be due to competition in adaptive enzyme pro- 
duction. The addition of phenol as the sole source of 
carbon would decrease this possibility. Similar adapta- 
tions for the utilization of compounds have been sug- 
gested in the literature by Klein and Doudoroff (1950), 
Monod and Aududreau (1946). 

It seems that a biological pretreatment of the 
phenolic waste, in media free from carbon sources other 
than phenol, would accomplish phenol destruction 
more effectively than when the phenolic wastes were 
contaminated with sewage or other sources of carbon. 

SUMMARY 

Biological treatment of phenolic wastes has been 
accomplished on a laboratory scale. Using a miniature 
trickling filter, operating in the presence of phenol, in- 
duced selection of phenol-resistant microflora was 
established. These organisms were found to be capable 
of active reduction, in quantity, of phenolic solutions, 
in concentrations up to 400 ppm at a rate of 0.9 to 1.2 
pounds per square yard of filter stone per day. 

The presence of lactose was found to be detrimental 
to the reduction of phenol while the presence of a salt 
solution of ammonium nitrate, potassium phosphate, 
ferric chloride, and magnesium sulfate stimulated the 
organisms for phenol destruction. Vigoro, a commercial 
fertilizer, when used in 0.1 per cent concentration as 
a substitute for the salt solution, gave comparable 
results. 

The destruction of phenol appears to be more active 
under aerobic conditions. 

The optimum temperature for growth and for phenol 
reduction was found to be between 37 and 55 C with 
the latter appearing to be the most favorable. 

Preliminary manometric studies using the cells of 
the predominant organisms on the filter demonstrated 
an adaptive enzyme or enzymes for the metabolism of 
phenol at 48 C. 

The three strains of bacteria, responsible for the 
reduction in quantity of the phenol, were found to be a 
short rod, a coccus, and a sporeforming rod. Their 
original habitat was in domestic sewage. An incomplete 
identification of the microorganisms has been made. 
Tentatively, the short rod may be classified under the 
genus Pseudomonas, the coccus, as a Micrococcus 
and the sporeforming rod as a Bacillus. 
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Laboratories investigating infectious diseases require 
experimental animals which are frequently housed in 
air-conditioned rooms. Most institutions have a central 
air-conditioning system which maintains a constant 
temperature and relative humidity and reduces the 
number of air-borne pathogenic microorganisms by 
replacing room air with clean air. At times, a central 
system is not applicable because the expense of installa- 
tion and operation is prohibitive. In such cases a re- 
circulating-type room air conditioner is often used. 
There is a question whether such recirculation is safe 
in a room housing infectious animals because of the 
possibility of maintaining or increasing the amount of 
potentially infectious aerosol. 

Lurie (1944) demonstrated the protective influence 
of ultraviolet irradiation against natural air-borne 
contagion of tuberculosis in rabbits. In the present 
experiments, the utilization of ultraviolet (2537A) 
lamps installed in a room air conditioner was evaluated 
to determine whether there would be a resultant reduc- 
tion in bacterial contamination of room air without 


excessive ultraviolet exposure of animals or labo 
workers. 


MATERIAL AND METHODS 


The window-type room air conditioner used 
34 HP unit of a standard commercial design (fig 
It had an air-circulating capacity of 310 cfm, : 
haust-air capacity of 150 cfm and a fresh-air ca 
of 60 cfm. For these tests the exhaust damp: 
closed and the 310 cfm of air consisted of 30 cfm « 
outside air and 280 cfm of room air. In this t 
conditioner, condensate resulting from dehumidif 
of room air is sprayed against the hot condens 
by a slinger ring on the condenser fan and disp: 
in vapor form. However, this system was alte: 
test purposes and the condensate was collect: 
sampled for bacterial concentration. The un 
equipped with a “dust stop” which filters ou 
dust particles from the return air. The air cond 
was installed in a laboratory room 10’ x 12’ x ' 
test room, air conditioner, and additional ap} 
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ULTRAVIOLET IRRADIATION IN AIR CONDITIONERS 


jor testing the air conditioner are shown in figure 2. 
Thc test organism, Serratia indica, was atomized into 
the room by an all-glass direct-spray peripheral air jet 
Chi-‘ago-type atomizer (Rosebury, 1947). A propeller- 
iyvp fan mixed the aerosol with the room air. 

F gure 3 shows the air conditioner adapted for this 
stucy. The ultraviolet duct was equipped to hold one 
or t vO ultraviolet lamps. The duct was painted with 
auiiinum paint to increase direct reflectance. The 
sup) ly air and absorbent ducts were added for sampling 
pur; oses. The absorbent duct was coated with a zine 
oxid> oil base paint for maximum absorption of 2537A 
rra iation so that return-air samplers placed in this 
duct would not be affected by radiations from the 
itr: violet lamps. Air samplers placed in the supply 
duct assured a sample of supply air only. Wet- and 
dry-ulb thermometers located in the absorbent duct 
wco ded the relative humidity and temperature of the 
roon. air returning to the air conditioner. 

raviolet irradiation was supplied by slimline 
germicidal ultraviolet lamps. The slimline lamp _ is 
adapied for application where a’ high ultraviolet  in- 
tensity is needed in a limited space such as in air ducts. 
The manufacturer’s data show that the slimline lamps 
when operated at 420 milliamperes have a rated ultra- 
violet (2537A) intensity of 120 microwatts per square 
entimeter (microwatts/cm?) at 1 meter and an ultra- 
violet output of approximately 13.9 watts when meas- 
ied at 100 hours of life in still air at 80 F ambient 
iemperature. According to the manufacturer, ozone 
production is negligible with this type of lamp. For 
test purposes, the ultraviolet (2537A) intensity of the 
amps Was measured in microwatts/cm? at 1 meter by 
a Westinghouse SM-600 meter. The temperature and 
velocity of the air was also measured because these 
factors affect ultraviolet intensity. Velocity across the 
ultraviolet lamps during intensity measurements was 
approximately 10 ft per minute, but during all tests, 
the velocity in the duct was 200 ft per minute. The 
temperature varied from 70.5 to 75.5 F. Before any 
measurements were taken, the lamps were cleaned with 
an alcohol-dampened cloth and allowed to operate for 
approximately 15 minutes to warm up sufficiently. 

Air samples were collected with liquid impingers in 
the absorbent duct to determine the concentration of 
the tes! aerosol returning to the air conditioner. The 
quid impingers were constructed with a critical orifice 
throug!: which air could be drawn into the collecting 
mediu: at approximately 0.5 cfm. The medium con- 
sisted «! 20 ml of nutrient broth and 6 to 8 drops of 
dlive 0. For evaluation of samples, 0.1 ml of the ex- 
posed ‘uid was pipetted on a corn-steep agar plate 
which - as then streaked and 0.1-ml samples of 1-ml 
rial (.\utions were also streaked on corn-steep agar 
plates, 
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Fic. 1. Window-type room air conditioner 


Samples of supply air were collected in the supply 
duct with sieve air samplers (Dubuy and Crisp, 1944). 
The bacteria in the air were impinged on the corn-steep 
agar plate which was placed in the sieve sampler. Air 
was drawn through the sieve samplers by a Gast pump 
at a rate of 1 cu ft per minute. 

Control tests were conducted to determine the pene- 
tration of the test organisms through the air conditioner 
without utilization of ultraviolet lamps. Two series of 
tests were conducted and the penetrations were 34.9 
per cent and 45.0 per cent. This partial removal of the 
test organisms from the air stream was attributed to 
1) impingement on the dust stop filter, and 2) impinge- 
ment on the internal surfaces of the air conditioner and 
ductwork. 

The general procedure was identical for all tests. 
Prior to each test series, the air conditioner was placed 
in operation and sufficient time allowed for cooling the 
room air. The intensity of 2537A irradiation was meas- 
ured for each ultraviolet lamp as previously described. 
The ultraviolet lamps were turned on and a control 
test was made prior to atomization. A 24-hour broth 
culture of S. indica diluted in water was then atomized 
continuously into the test room by a Chicago-type 
atomizer. S. indica is a harmless red pigmenting or- 
ganism approximately | micron in length and 0.5 micron 
in thickness. To assure complete mixing of the test 
aerosol with the room air, air sampling was initiated 
after the atomizer had been in operation for a minimum 
of 30 minutes. The propeller-type room fan shown in 


figure | also assisted in mixing the air in the room. 


Each test included 1) 5-minute supply-air samples 
collected by two sieve samplers located in the supply 
duct, 2) 5-minute return-air samples collected by two 
liquid impingers placed in the absorbent duct, (3) 
samples of the condensate, an aliquot of which was 
streaked on a corn-steep agar plate and inoculated into 
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T BLE 1. Use of ultraviolet irradiation in a room air conditioner 
for removal of bacteria 


PER CENT 
PENETRATION 
OF TEST 
ORGANISMS 
Serratia indica 
THROUGH 
THE AIR 
CONDITIONER 


AVERAGE 
PER CENT 
PENETRATION 


RECOVERY OF 
S. indica 1N 
CONDENSATE 


TEST SERIES 


ultraviolet lamps 
l 34.9 
r 4 15.0 


le slimline ultraviolet lamp 
0.0534 
0.0559 
0.0426 
0.0721 
0.0437 


0.0535 


slimline ultraviolet lamps 

8 0.0130 
9 (0) .0237 sg 
0 0.0241 0.0208 + 
i] 0.0116 — 
2 0.0314 + 


Relative humidity variation: 42 per cent to 51 per cent. 
Conditioner return air temperature variation: 73 to 82 F. 


a nutrient broth tube, and 4) relative humidity and 
temperature measurements of the air returning to the 
air conditioner. Each test series consisted of a minimum 
of five of the above tests. 


DISCUSSION 


Table 1 shows the results of two series of control 
tests when ultraviolet lamps were not in use, and 10 
series of tests when the air conditioner was equipped 
with 1) a single slimline ultraviolet lamp, and 2) two 
slimline ultraviolet lamps. 

Test series 1 and 2 (table 1) show the results of con- 
trol tests when ultraviolet radiation was absent. The 
amounts of the bacterial aerosol which passed through 
the air conditioner in the absence of ultraviolet lamps 
were 34.9 per cent and 45.0 per cent, respectively. Test 
organisms were recovered in the condensate in test 
series 1, 

When one slimline ultraviolet lamp was used, pene- 
trations in the five series of tests (3 to 7) varied from 
0.0426 per cent (series 5) to 0.0721 per cent (series 6). 
The five series of tests were conducted on five different 


days but under essentially the same conditions. The 
ultraviolet intensity of the slimline! lamp ranged from 
156 to 160 microwatts per cm* at | meter or 18.1 to 
18.6 watts of 2537A radiation. The average penetration 
of all tests series was 0.0535 per cent. No test organisms 
were recovered in the condensate. 

Table 1 also shows the results of five series of tests 
(8 to 12) when two slimline ultraviolet lamps were in- 
stalled in the air conditioning system. The five series 
of tests also were conducted on different days but under 
essentially the same conditions. The penetrations varied 
from 0.0116 per cent in test series 11 to 0.0314 per cent 
in test series 12. The average penetration of all test 
series was 0.0208 per cent. The combined ultraviolet 
intensity of the two slimline lamps ranged from 314 
to 326 microwatts per cm? at 1 meter or 36.4 to 37.8 
watts of 2537A radiation. Test organisms were col 
lected in the condensate in test series 9, 10, and 12. 
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SUMMARY 


Results of this investigation as summarized in ta- 
ble 1 show that a 34 HP recirculating air conditioner 
equipped with slimline ultraviolet lamps operated at 
420 milliamperes will substantially reduce the number 
of air-borne microorganisms in room air. This reduction 
is due almost entirely to the germicidal action of ultra- 
violet irradiation. 

The ultraviolet room air conditioner recirculates 
relatively clean air at constant temperatures and rela- 
tive humidities and provides the room with purified 
air comparable to a system which utilizes 100 per cent 
fresh air. This system also is much more economical 
than one which requires complete make-up air. 
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An earlier paper (Lechevalier, Acker, Corke, Haen- 
seler, and Waksman, 1953), announcing the addition 
of candicidin to a rapidly growing list of antifungal 
antibiotics, described the morphological and cultural 
characteristics of Streptomyces griseus 3570, from which 
candicidin originated, its selective antibiotic action, 
and methods by which the agent itself could be iso- 
lated from culture broths in semipure form. 

Because of the high activity of candicidin prepara- 
tions against Candida albicans, use of this antibiotic 
in combined therapy to reduce secondary Candida 
infections (Woods, Manning, and Patterson, 1951) is 
a distinct possibility. Kligman and Lewis (1953) have 
already had promising results with candicidin in the 
treatment of experimental moniliasis, blastomycosis, 
and sporotrichosis in mice. Another recent report 
(Solotorovsky, 1953) confirms these findings. 

Regarding the nutritional requirements of various 
strains of Streptomyces griseus, much information is 
available concerning the development of new or im- 
proved media for streptomycin production. Most of 
the media developed for this purpose contain am- 
monium salts as nitrogen sources; for example, am- 
monium lactate (Hubbard and Thornberry, 1946; 
Thornberry, 1946), ammonium nitrate (Spilsbury, 
1948; Saunders and Sylvester, 1947; Baron, 1950), or 
ammonium chloride (Thornberry and Anderson, 
1948; Hubbard and Thornberry, 1950) in combination 
with glucose and mineral salts. 

The preferential utilization of amino acids for 
streptomycin production by Streptomyces griseus was 
indicated by Dulaney (1948, 1949), who found that 
the use of L-proline resulted in higher potencies than 
those obtained with other single organic or inorganic 
nitrogen sources tested. Among the carbon sources, 
glucose and mannose favored highest streptomycin 
yields, followed in order by starch, dextrin, and man- 
nitol. Other workers (Eiser and McFarlane, 1948) 
found that a mixture of the amino acids valine, histi- 
dine, and arginine produced highest streptomycin 
titers, but that greater growth resulted when aspartic 
acid was substituted for valine in the medium. More 
recently, O’Brien, Wagman, and Perlman (1952 
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showed that a medium containing glycine, gluc se, 


sodium acetate, and mineral salts permitted stre) {o- 
mycin yields equivalent to those produced in a com: |ex 
production medium. 

Synthetic media have also been described for {hi 
production of other antibiotic substances by act jo- 
mycetes. Included were media for the productio. oj 
neomycin (Dulmage, 1953), grisein (Reynolds nd 
Waksman, 1948), and chloramphenicol (Gottlieb and 
Diamond, 1951). 

The need for a simple chemically defined mec ium 
from which relatively high yields of candicidin could 
be obtained, and from which candicidin could be 
extracted in increasingly pure form, led to an inyesti- 
gation of the nutrition of the candicidin-producing 
organism. This paper is concerned with the preseuta- 
tion of pertinent nutritional data leading to the formu- 
lation of a synthetic medium found effective in thes 
laboratories. 


YXPERIMENTAL METHODS 
General 


Stock cultures of S. griseus 3570 were maintained on 
1 per cent yeast extract-l1 per cent glucose (ED 
agar slants stored at 5 C. Spores lyophilized in sieril 
soil were also available from the departmental collec- 
tion for establishment of new stocks. For development 
of inoculum, growth from one slant was suspended ii 
approximately 5.0 ml of sterile distilled water. Th 
suspension, in turn, was transferred aseptically to « 
250-ml Erlenmeyer flask containing 100 ml of -‘eril 
YED liquid medium. The flask was shaken 2: 22) 
rpm at 28 C for 48 hours to obtain vigorous groy (h. 

For studies on nitrogen sources, cellular m: ‘eria 
was centrifuged, washed twice with sterile physio’ \gica! 
saline, and resuspended to original volume for | se a 
inoculum. For studies on carbon requirement. thi 
material was centrifuged, washed three times wit! 
sterile distilled water, and resuspended to twice orig: 
inal volume. For studies on trace element. re _uire- 
ments, the inoculum was obtained by centrifugi: ¢ th 
cellular material, washing three times in demine: |ize’ 
water obtained from a mixed-bed ion-exchange ¢« im! 
and resuspending to twice original volume in « mil 
eralized water. 
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‘he streak dilution assay of Waksman and Reilly 
19 5) was used for the assay of candicidin potencies. 
Xu rient agar supplemented with 1.0 per cent glucose 
nu rient-glucose agar) served as the assay medium. 
\ss.y results on this medium were uniformly repro- 
luc ble if assay plates were incubated at 37 C for 24 








hous, if the sodium chloride concentration was main- 
‘air -d at or near the 0.5 per cent level, and if the 
ina reaction of the medium was adjusted to pH 






70 7.2. Addition of a few units of neomycin per ml of 
asso’ agar was found useful in preventing bacterial 
oni mination, without affecting the results. 














































































































































































































































































































ex A tempts to assay candicidin by means of the paper- 
disk or Oxford-cup technique proved unsatisfactory 
he fe beca ise of the low diffusion rate of the antibiotic in 
10 agar media. This difficulty was not sufficiently over- 
of com: by refrigeration of the assay plates prior to 
ind @g incu ation, by the addition of surface-active agents to 
ind the «gar medium, or by increasing pH levels of the 
mediim?, 
um The turbidimetric assay method of Joslyn and Gal- 
uld Hg braith (1950), although adaptable to the assay of 
bp Mp candicidin, was not used routinely because of the need 
sti. 9 for additional personnel to carry out this type of assay 
ing [gona large number of samples. 
nta- Growth was measured by filtering with suction a 
mu- (2 10.0-ml sample from each experimental flask through 
hese fa tared Whatman no. 2 paper. Each filter paper with 
mycelial growth was then dried at 85 C overnight, 
oled, and weighed again. Dry weights were expressed 
in terms of mgs per ml of medium. 
Methods for the Investigation of 
don Trace-Element Requirements 
ba Methods used in the trace-element studies were 
sterih substantially the same as those described in the fore- 
_ going section, except for techniques employed for 
- leaning glassware and removal of trace-element 
oe impurities from water and basal media. 
; Pyrex brand glassware was used for all experiments. 
bed The glassware was cleaned with a hot solution of two 
sal parts 65 per cent perchloric acid to one part concen- 
ae trated nitrie acid, and rinsed thoroughly in deminer- 
a alzed water before use. 
rs Den.ineralized water used for rinsing acid-cleaned 
igh glassware and as a diluent in the preparation of media 
"ih was 0 tained by passing once-distilled water through 
vith [es \-bed ion exchange column containing charged 
pes Amber ite resins IR 120 and IRA 400. The column 
sia Was P pared in a 1-liter Pyrex agar burette; it’ dis- 
the placed i liter of volume and measured approximately 
lized “x 2.) em. Demineralized water emerging from this 
a columi consistently produced resistance readings in 
nin cess million ohms. Such readings, when required, 
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cidin us 





completion of this work, a diffusion assay for candi- 
g paper disks and a synthetic medium was developed. 
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were obtained from the Department of Plant Physi- 
ology of Rutgers University through the courtesy of 
Dr. H. E. Clark and associates. 

The basal experimental medium was treated for 
removal of trace-element impurities by the method of 
Steinberg (1919, 1950). Each 2-liter Erlenmeyer flask 
containing | liter of basal medium received 15 g of 
precipitated calcium carbonate (Merck reagent). 
Flasks so treated were then plugged and autoclaved 
at 15 pounds pressure for 15 minutes. The contents of 
the flasks were then swirled and allowed to cool and 
settle overnight. The supernatant liquid was decanted 
into an acid-cleaned sintered Pyrex filter-funnel, and 
filtered by suction. The coprecipitated basal medium 
was then dispensed in 100-ml quantities into 250-ml 
Erlenmeyer shake flasks, which were afterward in- 
dividually fortified with trace elements according to 
the objectives of a particular experiment. 

All test media were at pH 7.5 to 7.7 prior to steriliza- 
tion. Because pH did not change with autoclaving at 
15 pounds for 15 minutes, no further adjustment was 
required. 

Sulfate-sulfur was provided as magnesium sulfate. 
Trace metals at various levels were supplied as chlorides 
rather than as sulfates to prevent variation in the 
concentration of sulfate-sulfur. 


Method for Identification of Candicidin in Broths 


To detect any substantial change in the antibiotic 
product (candicidin) caused by changes in medium 
composition, occasional broth analyses were made. 
The procedure in such analyses involved the steps 
described by Lechevalier et al. (1953), namely, initial 
extraction with Butanol, followed by additional purifica- 
tion and separation into antibiotic fractions A and B 
and nonantibiotic fraction C. Qualitative and quantita- 
tive differences could be determined by comparison of 
ultraviolet absorption spectra, 


and/or by 
chromatography, and bioassays. 


paper 


EXPERIMENTAL 
Nitrogen Sources 
Two ml of inoculum prepared as indicated under 
Methods was used for each experimental flask con- 
taining 100 ml of medium. All media were adjusted to 
pH 7.3 with 20 per cent NaOH, and then sterilized 
by autoclaving at 15 pounds pressure for 15 minutes. 
Double-distilled water was used as diluent in the 
preparation of the basal medium containing 1.0 per 
cent glucose and mineral salts as follows: 


per cent 
K»HPO, 0.05 
MgSO,-7H.2O 0.02 
Fe.(SO,);-9H2O 0.001 
ZnSO,-7H2O0 0.001 


MnSO,-2H2O 


0.001 
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TABLE |. Utilization of amino acids for candicidin production* 


MAXIMUM ASSAY 


AMINO ACIDt 
. (DILUTION UNITS/ML 


L-Glutamic acid 
L-Aspartic acid 


4,500 
4,500 
Bacto asparagine 15,000 
L-Lysine , 30 
Glycine 5,000 
Valine 10 
L-Tryptophane 100 
L-Histidine HCI 9 500 
pL-Phenylalanine 20 
pL-Leucine 200 
pL-Isoleucine 10 
pL-Threonine 200 
L-Arginine HCl 30 
pL-Methionine ; 10 
L-Cystine 10 
L-Cystine HCl 10 
L-Tyrosine ‘peer 5 ig 200 
L(—)Proline 200 
L-Hydroxyproline 100 
alpha-Alanine Uae 200 
beta-Alanine 2,000 
pL-Serine = 30 
Citrulline. . ; Pr 90 
Urea 2,000 


* Glucose mineral salts medium. 


+ Amino acid concentration equivalent to N in 1 per cent 
glutamic acid. 


Lechevalier, et al. (1953) reported good yields of 
‘andicidin in a glutamic acid-glucose medium. The 
best yields were obtained with a 1.0 per cent concentra- 
tion of glutamic acid. Therefore, individual amino 
acids were tested in the basal medium at levels which 
provided nitrogen equivalent to that supplied by 1.0 
per cent glutamic acid. 

Results with 23 amino acids and urea are given in 
table 1. The highest yield of candicidin was obtained 
using the amide, asparagine, as the sole nitrogen source. 
L-histidine hydrochloride, glycine, L-glutamic acid 
and L-aspartic acid (equivalent), and beta-alanine in 
that order were next in effectiveness as nitrogen 
sources. When urea was used as the sole source of 
nitrogen, 2000 dilution units of antibiotic activity were 
produced per ml, a yield equal to that obtained with 
beta-alanine, but considerably less than yields ob- 
tained with the five high-yielding nitrogen sources 
mentioned. 

Because the use of Bacto asparagine and L-histidine 
hydrochloride as sole nitrogen sources resulted in 
superior yields of candicidin, the isomers of these 
compounds were tested for use in antibiotic production 
and growth. The p-isomers of both compounds sup- 
ported negligible growth and hence no candicidin 
was produced. L-asparagine (Nutritional Biochemical 
Corp.) proved equivalent to Bacto asparagine. The 
pL-isomers of the amide and the amino acid supported 


maximum yields equivalent to only one-tenth ¢ 4 
obtained with the L-isomers. 

Various inorganic nitrates and ammonium sx |, 
were also tested as nitrogen sources. As with an}, 
acids, inorganic nitrogen sources were employec 
levels equal in nitrogen to that contained in 1.0 pe 
cent glutamic acid. 

All of the inorganic salts tested were exceedi ¢\ 
poor sources of nitrogen for candicidin produc: oy 
Two hundred dilution units of activity per ml ey 
obtained when dibasic ammonium phosphate was: th; 
sole nitrogen source, whereas with the histidine and 
asparagine controls, 10,000 and 15,000 dilution « nit. 
of activity per ml were produced. 


Sources of Carbon 


The basal medium employed for the testing of ¢ 
sources contained 0.5 per cent Bacto aspar: 
plus the same mineral salts used in the testi 
sources of nitrogen. Results of trials of indiy 
carbohydrates at a level of 1.0 per cent each are 
in table 2. 

These data show that yields of 4000 dilution unit 
per ml were obtained when glucose or p(+) mannos 
was employed as the sole carbon source. Less activity 
(2000 dilution units) was elaborated 
arabinose, maltose, galactose, 
starch was provided singly. 

The results of tests on the comparative utilizatio: 


when 1(+ 
dextrin, or solubi 


of alcohols and sugar alcohols as carbon sources ar 


listed in table 3. The table shows that the use of man- 
nitol resulted in candicidin yields of 4000 dilution units 
per ml; glycerol, 2500 dilution units per m!; and 
glucose (control), 2500 dilution units per ml. With 
other alcohols and sugar alcohols as the sole carbo 


TABLE 2. Effect of single carbohydrate carbon source 
candicidin production* 
MAXIMUM CA 


CARBOHYDRATES AS CARBON SOURCES, 1 PER CENT ASSAY (DI 
UNITS 


p(—) Arabinose.... 
L(+) Arabinose 
L(—) Rhamnose....... 
p(+) Xylose 
Glucose. . 
Galactose 

Levulose 

p(+) Mannose 
L(—) Sorbose.. 
Lactose 

Maltose 

Sucrose 

p(+) Raffinose 
Dextrin.. 

Starch (soluble) 


* Asparagine-mineral salts medium. 
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TA3LeE 3. Effect of alcohols and sugar alcohols as carbon sources 


for candicidin production* 


MAXIMUM CANDICIDIN 
OHOLS AND SUGAR ALCOHOLS AS CARBON SOURCES ASSAY (DILUTION 


UNITS/ ML 


Me hanol 20 
Et! anol 20 
Pro panol 20 
Bu’ anol 20 
Gly -erol 2,500 
Sor vitol 60 
Du ‘itol 20 
Ma nitol 4,000 
Ino itol.... 20 


Glu ose (control) 2,500 


* Asparagine-mineral salts medium. 


sou'ce, negligible growth and no measurable candicidin 
was obtained. 

Aithough Dulaney (1949) had found organic acids 
to be poor sources of carbon for the production of 
streptomycin by Streplomyces griseus, other workers 
Saunders and Sylvester, 1947; Hubbard and Thorn- 
berry, 1950; Baron, 1950; O’Brien, Wagman, and 
Perlman, 1952) had found that the use of a combina- 
tion of glucose and the sodium salt of an organic acid 
produced yields greater than those elicited when either 
of these carbon sources was incorporated singly. These 
findings suggested an experiment employing selected 
organie acids individually, and in combination with 
glucose, for growth of culture 3570, and consequent 
candicidin production. The sodium salts of organic 
acids were incorporated in a basal medium at a level 
of 1.0 per cent. Some were also tested at levels of 0.5 
per cent in combination with 1.0 per cent glucose. 
Each flask was inoculated with 2.0 ml of washed and 
resuspended growth of S. griseus 3570, as in previous 
trials, 

The results of this experiment are shown in table 


TaBLe 4. Effect of sodium salts of organic acids upon growth and 
candicidin production* 


MAXIMUM 
ASSAY 
(DILUTION 
UNITS/ML) 


MAXIMUM 
GROWTH 
(MG, ML) 


CARBON SOURCE(S), PER CENT 


1.0 Na formate <10 
10 Na acetate 400 
1.0 Ne suecinate 200 
10 Na malate.... 200 
10 Na ‘aectate 2,000 
1.0 Na ‘umarate : 200 
1.0 Na citrate... 10 
2,000 
9,000 
9,000 
9,000 
4,000 


1.0 Glucose (control) 

1.0Glu ose + 0.5 Na acetate 
10Ghi ose + 0.5 Na malate 
10Glu ose + 0.5 Na lactate 
10 Glucose + 0.5 Na citrate 


* Aspa: \gine-mineral salts medium. 


) 


t. When lactate was provided as the sole carbon source, 
both growth and candicidin production were observed 
to be greater than for any other single carbon source 
tested, save glucose. Formate and citrate, when used 
individually, resulted in negligible growth and no 
measurable candicidin. However, the combination of 
glucose with acetate, malate, or lactate markedly 
increased growth of the organism and antibiotic yields. 
Mineral Requirements 

Several workers have reported separately that iron, 
zinc, copper, and manganese (Thornberry, 1946, 1948; 
Saunders and Sylvester, 1947), as well as cobalt 
(Principe and Thornberry, 1952) were stimulatory to 
streptomycin production by certain strains of Strepto- 
myces griseus. Chesters and Rolinson (1951) found 
that iron and zine were essential for streptomycin 
production by the Waksman no. 4 strain of S. griseus, 
inasmuch as these two elements were essential for 
growth. 

Other evidence of specific trace-element requirements 
of Streptomyces, in particular, and actinomycetes, in 
general, is fragmentary at best. A considerable void 
in our knowledge of this specialized group of organisms 
could be filled by precise studies of their trace-element 
requirements, patterned after the investigations of 
Steinberg (1950). 

The requirements for potassium, magnesium, phos- 
phate-phosphorus, and sulfate-sulfur were determined 
in a purified (calcium carbonate coprecipitated) 0.5 
per cent asparagine-1.0 per cent glucose medium to 
which were added five minor elements (microelements) ; 
namely, iron, zinc, magnanese, copper, and cobalt at 
levels of 2.0 ppm each. To determine the essentiality 
of the major elements (macroelements), cation and 
anion substitutions were made as follows: 


NH,* and Nat substituted for Mgt* 
NO;- and Cl- substituted for SO; 


and kt 
and PO, 


Dibasic potassium phosphate was added to the 
basal medium in 0.05 per cent concentration, and 
magnesium sulfate in 0.02 per cent concentration. 
Levels of other salts were adjusted so that their re- 
spective potassium or phosphate concentrations were 
equal to those in 0.05 per cent K2:HPO,, or so that 
their respective magnesium or sulfate concentrations 
were equal to those in 0.02 per cent MgSO,;-7H.O. 

Flasks were inoculated and shaken at 28 C on a 
rotary shaking machine at 240 rpm. Individual treat- 
ments were run in triplicate, so that daily samples 
could be taken successively from members of a tripli- 
vate series, without significantly reducing medium 
volume. Results of the investigation of major element 
requirements are given in table 5. 

All the major elements tested, namely, potassium, 
phosphorus as phosphate, magnesium, and sulfur as 
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TABLE 5. Relative essentiality of major elements for growth and candicidin production by Streptomyces griseus 3570* tra 


CONCENTRATION 
(G/LITER 


MAXIMUM GROWT me 
(MG/ML 
bl 


CONCENTRATION 
(G/LITER 


MAXIMUM ASSAY 


SOURCE OF K, PO, oR Be 
SOURCE OF K, PO, TH (DILUTION UNITS/ML 


SOURCE OF Mg, SO4 oR BOTH 


900 2.4 tha 
400 

10 

10 

10 

10 

10 

10 aa 
10 0.6 
10 0. 


Ke» HPO,t 
K.HPO, 


MgS0O,-7H2O 0.5 
MgS0O,-7H.O 0.5 
(NH,4)2HPO, MgSO,:7H,O 0.5 
NasHPO, MgSO,-7H.O 0.: 
KCl A MgS0O,-7H,O 0.3 
KNO; MgSO,-7H.O a: 
K,HPO, (NH,).S8O, 0. 
KLHPO, NaSO, 0. 
K,»HPO, MgCl, 0. 
KeHPO, Mg(NO,)-2 0. 


Ne — KS wh Ww ht bt 
ow = 


Mr; 


* Basal medium: 0.5 per cent asparagine, 1.0 per cent glucose, and 2.0 ppm each of iron, zinc, manganese, copper, and cob; || and 


+t Manganese was omitted from the flasks of this series, thus accounting for the higher values for antibiotic potency and gro yt! lor | 
All other treatments included 2.0 ppm manganese. nose 


antil 


sulfate, appeared to be absolutely essential to candicidin 
production. There was negligible growth of culture 
3570 in the absence of any one of the following: phos- 
phate, potassium, and sulfate-sulfur. Slight growth 
occurred in the absence of magnesium. 

Further experiments were designed to demonstrate 
the relative essentiality of several individual minor 
elements for growth and candicidin production by 


apparent effect upon growth. The presence or abs: jice 
singly, of either copper or cobalt, had no noticcab) 
effect on either growth or antibiotic production. 

The antibiotic produced in synthetic media con. 
taining glutamic acid or asparagine as a source oj 
nitrogen, and glucose as a source of carbon, was {ound 
to be identical with the candicidin formed in complex 
organic media. Fractions A, B, and C could be isolated 


gine 
prot 
ml, : 
obta 
indic 
synt 
the s 


TI 


culture 3570. Calcium carbonate treatment was em- and characterized. phat 
ployed for purification of the 0.5 per cent Bacto as- ats 
paragine-1.0 per cent glucose basal medium. Dibasic DISCUSSION in 
potassium phosphate and magnesium sulfate were The finding that L-asparagine and L-histidine serve I grow 
added to final concentrations of 0.05 per cent and 0.02 well as sources of nitrogen for candicidin production by MJ yas 
per cent, respectively. Trace metals were added to S. griseus 3570 has a certain parallel in the reports of HJ eand 
final concentration of 2.0 ppm (ug/ml) as the chlorides. other workers concerned with the nutrition of other 

The relative essentiality of a given microelement was strains or species. For example, L-histidine was recon- 
determined by its omission from the complete medium. mended as a source of nitrogen in combination with 
Results of these studies are presented in table 6, which valine and arginine for the production of streptomyei 

shows that iron and zinc are essential to S. griseus (Eiser and McFarlane, 1948), while L-asparagine was 

3570 for both growth and candicidin production. In found especially useful as a source of nitrogen { 
growth of Streptomyces coelicolor (Cochrane and 

1947). 

On the other hand, very little appears to be know 
regarding the specific requirements of members of thi 
genus Streptomyces for macro- and microeleme 
appears from our results that Streptomyces 
3570 possesses qualitative requirements for | 
PO,, and SO, identical to those known for As; 
niger (Steinberg, 1950) and for Penicillium chrys« jenwi 
(Jarvis and Johnson, 1950). Similarly, iron an | zi 
have been shown by Chesters and Rolinson (1 51) t 
be essential to the growth of the Waksman no. ~ strai! 
of S. griseus. The latter workers were able to « mol 
strate also a requirement for copper, but fa ed 1 
demonstrate either a deficiency in the absence «mat: 
ganese or a stimulation in its presence at concen’ tio! 
ranging from 0.005 to 50.0 ppm. 

Inability to demonstrate a manganese requ mel! 
in S. griseus reflects either the absence of su: a I 
quirement, or more likely, the failure to rem ve & 


repeated trials, the omission of manganese, however, 
stimulated candicidin production while exerting little 


TaBLe 6. The relative essentiality of iron, zine, manganese, 
copper, and cobalt for growth and candicidin production 
by Streptomyces griseus 357)0* 
MAXIMUM ASSAY MAXIMUM 


(DILUTION GROWTH 
UNITS/ML) (MG/ML) 


TRACE-ELEMENT COMPOSITION 


All trace elements (five) present 2,000 
Fe omitted......... 20 
Zn omitted... We Meee 10 
Mn omitted.... ; ‘fe 4,000 
Cu omitted.... ere 2,500 
Co omitted ns 2,500 
Fe, Zn omitted 20 
Fe, Zn, Mn omitted ; 10 
Fe, Zn, Mn, and Cu omitted. . 10 
No trace elements es ae 10 


* Basal medium: 0.5 per cent asparagine, 1.0 per cent glu- 
cose, 0.05 per cent K2HPO,, and 0.02 per cent MgSO,-7H.0. 
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traces Of contaminating manganese from experimental 
mecia. Investigators concerned with this problem are 
blized to adopt the most rigid precautions to assure 
iha impurities are successfully removed from micro- 


iiol ical media (Donald, Passey, and Swaby, 1952) 
eS . 7) ’ 


and to assure, that once removed, such impurities do 
ot again accumulate (Healy, Morgan, and Parker, 
195. ). 


SUMMARY 


A. investigation of the nutritional requirements of 
Sire) lomyces griseus 3570 revealed that L-asparagine 
aid .-histidine served best as single sources of nitrogen 
jor candicidin production, whereas glucose and man- 
ose Were superior carbon sources for both growth and 
autit iotie production. Supplementation of the aspara- 
gine-slucose salts medium with organic acids gave 
prot! potencies of 9000 candicidin dilution units per 
ml, is compared to 10 to 20,000 dilution units per ml 
obtaired in complex organic media. Extraction studies 
indicate that the candicidin moieties produced in 
ynthetie and complex organic media are apparently 
the same. 

The macroelements potassium, magnesium, phos- 
phate-phosphorus, and sulfate-sulfur, and the micro- 
edements iron and zine were found essential for candi- 
‘idin production, inasmuch as they were essential for 
gowth. It could not be demonstrated that manganese 
was required by culture 3570 either for growth or for 
candicidin production. 
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Previous to the recent introduction of black-light! 
candlers (Lorenz, 1950), the egg industry has lacked 
an adequate tool to protect consumers against shell 
eggs spoiled by pseudomonads. Such eggs cannot be 
detected except in the later stages of decomposition 
with the ordinary white-light candler. However, with 
the new black-light lamps, white eggs spoiled by the 
pigment-producing species of the genus Pseudomonas 
can be detected because the albumen fluoresces brightly 
through the shell. Spoilage by pseudomonads in brown 
eggs is not so easily detected by this new technique. 

The pseudomonads are soil and water forms (Breed 
et al., 1948) and enter the egg after it has been laid. 
Most workers agree that the washing of dirty eggs 
tends to increase spoilage of shell eggs from this cause, 
because the bacteria enter the shell more readily when 
it is wet and when the water is colder than the egg 
(Haines and Moran, 1940; Gillespie .et al., 1950; 
Lorenz et al., 1952; Starr, et al., 1952; McNally, 1952). 
The presence of more than about | per cent fluorescent 
eggs in a batch indicates the probability either that 
the batch was dirty or that it was washed, or both 
(Lorenz and Starr, 1952). Development of fluorescence 
in eggs after exposure to conditions favoring penetration 
of pseudomonads is progressive. Lorenz et al. (1952) 
found that after exposure a few eggs in the lot became 
fluorescent within a day or two but 6 or 8 weeks at 
15 C were required for all or most susceptible eggs to 
become fluorescent. Thus a lot of eggs with a low 
incidence of spoilage by pseudomonads may develop a 
much higher incidence on further storage. In fact, 
various workers have pointed out that such spoilage is 
most serious in stored eggs. 

The objects of the present work were 1) to determine 
the effect of age of the egg on susceptibility to subse- 
quent infection by pseudomonads, 2) to compare their 
time of entry into the albumen with the development 
of the fluorescence in the albumen, and 3) to determine 
the relation of odor, bacteria count, and fluorescence 
during the process of decomposition. 


EXPERIMENTAL METHODS AND RESULTS 


Materials and Equipment 
Clean, large, unwashed white eggs were used through- 
out. A single strain identified as Pseudomonas ovalis 


1 Black light is a popular name for filtered ultraviolet 
radiation of wave lengths between 3200 A and 4000 A. 


was used in all inoculation experiments. This st i 
was isolated from a fluorescent egg and identifie: |) 
the classification outline for the genus Pseudom no 
to be used in the forthcoming seventh editio: 0; 
Bergey’s Manual (Haynes, 1953). 

All tests for fluorescence were made under |} ack 
light. The black-light candler used was a Vog lit 
model 205. Its light source was a General Eletri 
H100 SP4 spot behind a 5-mm Corning 5876 {\te: 
Fluorescence of materials other than eggs in the she 
was detected using a Vogelite model 6W101 ian 
fixture. Its light source was a 6-watt General Elcctri 
360 BL lamp encased in a 1-inch tubular Corning 
5874 filter. Both of these pieces of equipment wer 
manufactured by the Vogel Luminescence Company 
San Francisco, California. 

All bacteria counts were made on BBL trypticase 
glucose extract agar. 


Effect of Storage on Susceptibility to Infection 

Almquist and Holst (1931) found that shell porosity 
was low in fresh eggs but it increased with length oi 
storage. Haines (1938) found second-quality eggs wen 
penetrated by bacteria more readily than were firsi- 
quality eggs. Romanoff (1943) reported that. shel! 
permeability to various gases increased considerably 
with aging, particularly at high humidity, high ten- 
perature, and high carbon dioxide, and decreased 
slightly on storage in low humidity and high carbon 
dioxide. 

Two experiments were conducted to determine the 
effect of age of the egg on its susceptibility to subse- 
quent infection by Pseudomonas ovalis. In the |irst, 
lot of 12 dozen freshly laid eggs was split in‘o two 
equal batches. The first batch was warmed to 35 (. 
then immersed 5 minutes in a cold-water suspension 0! 
Pseudomonas ovalis. The second batch was }h. ld %® 
days at 15 C and relative humidity of 87 per cent, 
then warmed to 35 C and immersed in a simi! .r sus 
pension of the same organism. As a control, a lot 0! 
freshly laid eggs was immersed at the same timc as thi 
aged batch. In the second experiment, 15 doze \ oiled 
commercially cold-stored eggs were similarly im erst! 
in parallel with 15 dozen freshly laid eggs. | ege 
were stored at 15 C and 87 per cent relative h: nidit! 
and candled with the black-light candler : lea 
thrice weekly. 

Results are shown in figures 1 and 2. It is vident 
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10 20 30 40 50 60 790 
DAYS AT 15°C. AFTER INOCULATION 
Effect of aging on susceptibility of shell eggs to 
infection by Pseudomonas ovalis. Before inoculation 


immersion, lot 1, batch 1 was held 58 days at 15 C and 87 
reent relative humidity. 


that the 


rapidly th 


aged or stored eggs became infected more 
ian did fresh eggs. 


Penetration of the Membranes 


The shell and outer membrane of the egg contain 
many pores through which bacteria penetrate with 


moderate 
rom. the 


ase, especially when subjected to pressure 
outside, as is the case when the egg cools 


Moran and Haines, 1938). However, the inner mem- 
rane has much smaller holes. Romanoff (1943) found 


hat the 


inner shell membrane of the egg delayed the 


wssage of air 3 to 17 per cent as compared with shells 
“ith this membrane removed. Gillespie and Scott 
150) and Haines (1938) have pointed out various 
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ndications that this membrane is not as easily 


d by microorganisms as was once supposed. 
, ho direct evidence proving this has previously 
ded. 


‘ggs, rejected by a commercial candler because 


small fluorescent spots in the albumen, were 
septically into sterile cellophane bags. Thou- 
bacteria were recovered from the fluorescent 
three of the eggs, whereas no bacteria were 
from the fluorescent area of the fourth egg. 
s were held 13 days at 15 C. During this time, 
three eggs became completely fluorescent 
yped strong odors of decomposition and high 
uunts. However, the fluorescent spot in the 
- had disappeared and the odor was normal 
cteria could be recovered. 
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Fic. 2. Effect of oiling and commercial cold storage on 
susceptibility of shell eggs to subsequent infection by Pseudo 
monas ovalis. The freshly-laid eggs were 4 days old; and the 
cold-stored eggs were held in a commercial cold-storage room 
at 30 to 32 F and 85 per cent relative humidity for 108 days 
before immersion inoculation. 


INOCULUM _* 


IN AIR CELL 


Fic. 3. Inoculation experiment to show delay in penetra- 
tion of bacteria through inner shell membrane. 


An experiment was conducted to investigate the 
cause of this phenomenon. Fifty eggs at 15 C were 
candled, then immersed for 1 minute in 1-1000 HgCl. 
at 25 C. On the side of each egg a window was cut, 
with a sterile saw, through the shell but not through 
the membrane (figure 3). The window was temporarily 
covered with a sterile cover slip. A hole was cut. carefully 
into the air cell to avoid rupturing the inner membrane. 
As indicated in table 1, 0.5-ml aliquots of the inocula 
were placed in the air cell. These inocula were prepared 
from a highly fluorescent strain of Pseudomonas ovalis 
grown in asparagine broth (Clara, 1934)?. A. sterile 


2 Clara, in a study of plant pathogens, used a medium 
consisting of asparagine 0.1 per cent, MgSO,-7H2O 0.05 per 
cent, and K,HPO, 0.05 per cent. This combination of chemicals 
was first suggested by Sullivan (1905) for production of bae- 
terial pigments. 
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TABLE 1. Penetration of Pseudomonas ovalis and its water-soluble pigments through the inner air cell membrane of the hen’s « 


DAYS 


SLL INOCULUM, 0.5 ML 
AIR CELL INOCUL ’ MI HELD 


FLUORESCENCE IN ALBUMEN 


1-6 Sterile filtrate : Spot 
7-13 Washed suspension None 
14 Washed suspension None 
5-22 Washed suspension 2- Spot 
None 
26 Washed suspension > | Spot 


) 
23,24 | Washed suspension 
5 


7-30 Washed suspension j Spot 
31 Washed suspension Spot 
32 Washed suspension Spot 
33 Washed suspension Spot 
34. | Washed suspension Spot 
35 Washed suspension Spot 
36 Washed suspension 
37 Washed suspension 
38 | Washed suspension Bright, general 

39-42 Bright, general 
43t | Fluorescent culture Spot 
44-46 Fluorescent culture 2 | Spot 
47 Fluorescent culture 3 Moderate, general 
48-50 | Control 8 None 


Bright, general 
Bright, general 


Washed suspension 


FLUORESCENT ALBUMEN 


PSEUDO- 
MONADS 
RECOVERED 
FROM 
MEMBRANE 


BACTERIA/G 
CONDITION AFTER 1 WEEK IN STERILE BOT 


0 No 

Ot Yes 

0 Yes 

0 Yes 

0 No 

0 Yes 

0 Yes 

0 Yes 

0 Yes 

1,000, 000 Yes 
48,000 Yes 
3,700, 000 Yes 
280, 000 Yes 
19,000, 000 Yes 
31,700,000 Yes 
300-350 million Yes 
390, 000T Yes 

0 Yes 

0 Yes 

0 No 


No odor, diffuse fluorescenc: 
No odor, 
Spoiled, bright fluorescence 
No odor, diffuse fluorescence: 


no fluorescence 


No odor, no fluorescence 
Spoiled, bright fluorescence 
No odor, diffuse fluorescenc 
No odor, diffuse fluorescen: 
Spoiled, bright fluorescence 
Spoiled, bright fluorescence 
Spoiled, bright fluorescence 
Spoiled, bright fluorescence: 
Spoiled, bright fluorescenc: 
Spoiled, bright fluorescenc: 
Spoiled, bright fluorescenc: 
Spoiled, bright fluorescenc: 
Spoiled, bright fluorescence: 
No odor, diffuse fluorescen 
No odor, diffuse fluoresce: 
No odor, no fluorescence 


* The term “‘spoiled’ indicates strong odors of decomposition were present. 


t One of these eggs spoiled from another organism. Pseudomonads were not present in the albumen. 


t Membrane not intact. 


filtrate was obtained by Seitz filtration of the broth 
culture, and a washed suspension was obtained by 
repeated centrifugation and suspension of the cells in 
saline. 

The inoculated eggs were stored at 15 C at the 
approximate angle indicated in figure 3. At 1-day 
intervals representative eggs were opened aseptically 
at the small end. The cover slip was removed and the 
membrane window was punctured with a sterile scalpel 
as the egg contents were dropped into a sterile bottle. 
The hole on the side allowed air to enter so that the 
inner membrane was protected from rupture at the air 
cell. The membrane was examined carefully for breaks 
and was transferred to asparagine broth for recovery 
of pseudomonads producing fluorescent pigments. A 
sample of the fluorescent portion of the albumen or of 
the normal albumen, whichever was the case, was 
plated. The remaining egg contents were held in sterile 
jars 1 week at 15 C to test for the presence of very 
small numbers of pseudomonads. Odors of decomposi- 
tion and intense fluorescence after the further storage 
were taken as indications that bacteria had penetrated 
the inner membrane. 

Results are presented in table 1. The sterile fluores- 
cent filtrate passed through the membrane in 1 day. 
The pigment was then diffused, but was detectable 
after the additional week in a bottle. Eggs inoculated 
with a washed suspension or a fluorescent culture 
showed fluorescent spots in the albumen within 1 or 2 
days. There were two exceptions in which the bacteria 


were killed by contact with the membranes. Bacteri: 
were found to have penetrated the membrane of on 
egg at 1 day, of two eggs at 6 days, and of two mon 
at 8 days. On the eighth day, one membrane had sti! 
not been penetrated, although a spot of fluorescenc 
had appeared earlier in the albumen. At 10 days, a 
had been penetrated, and at 30 days bacteria count 
were over 300 million per gram of albumen. 

Thus pseudomonads do not necessarily enter thi 
albumen immediately on exposure but may form 
colony on the inner shell membrane. Here, in the firs 
few days, they use the nutrient material in the albu- 
men; and their waste materials, including water: 
soluble pigments, diffuse back into the albumen. Late 
the bacteria penetrate in small numbers and miuttipl) 
rapidly. The disappearance of the fluorescen' spol 
observed in the preliminary experiment was probably 
due to dispersion. The fluorescent pigment in / sew/o- 
monas-infected egg albumen does not fade not  eab\ 
even on storage for several months. It is also suffi ient)) 
heat-stable so that fluorescent eggs 
fluorescence even when hard-boiled. 


retain right 


Development of Colony and Fluorescence in the /qy 


In all observed instances, definite fluorescen spol 
in the albumen developed to full fluorescence w | 
eggs were held in the shell. In one experim 
million bacteria were placed in the air cells of 
18 eggs. Each day the eggs were candled. An 
of 7!3 days after fluorescent spots appeared 
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ou er albumen was required for the fluorescence to 
dis-eminate throughout the albumen. The extremes 
we e 2 and 11 days. 

urther tests were conducted to compare roughly 
the degree of fluorescence with the bacteria count per 
gr; n. Shell eggs were inoculated in the air cell, then 
sto ed at 15 C. At intervals, eggs in various stages of 
flu rescence were broken aseptically into sterile jars 
Ta. LE 2. Number of bacteria present in eggs at various de grees 

of fluoresce nce 


APPROX p 
PER CENT | DAYS STORED AVERAGE 
FROM mn AFTER FULL 3A R 
DAYS FROM |p ALBUMEN . LI DEGREE OF BRIGHT BACTERIA 
FIRST SPOT FLUORES COUNT PER 
FLUORES NESS OF 
peed CENT ae FLUORESCENT AREA so 
PLATING BEFORE EGG* 


WHE) 
PLATING ( 0 
PLATED x1 


2 5-25 
7 50-75 
4) 100 0 
15 3-13 100 0 
10 9-16 100 S-14 


Moderate 46 
Moderate 15,700 
Spotty, diffuse 30,600 
Moderate 65, 200 
Bright 121,000 


5 l 
j 1 
7 5 


* All eggs weighed about 50 grams. 
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and 
glass beads. 


mixed with Butterfield’s phosphate buffer and 
An aliquot of this was taken for the bac- 
terial count. Since it was difficult to follow the develop- 
ment of the colony in shell eggs with accuracy, several 
fresh candled eggs were broken aseptically into sterile 
screw-cap bottles. Parallel bottles containing whole 
egg or egg albumen were inoculated with 10° and 106 
bacteria per gram to study the effect of presence of 
free yolk material and size of inoculum on the spoilage 
picture, 

Table 2 demonstrates how the bacteria count in 
shell eggs climbs rapidly as the fluorescence advances 
from the site of primary infection through the albumen. 
Figure + shows that in egg pulp inoculated and stored 
in bottles, large inocula result in most rapid spoilage 
and the presence of yolk material speeds spoilage. 


Odors in Pseudomonas-/ nfected Eggs 


Several experiments were conducted to determine 
whether or not a trained panel could detect raw fluores- 
cent shell eggs at various stages of infection merely 





NUMBER OF VIABLE BACTERIA 


LOG. 





4 


i 


OO ALBUMEN 
O——O ALBUMEN & YOLK 


F: FLUORESCENCE BEGINS 

I: PASSABLE, SOME ODOR 
2: DECOMPOSED, BORDERLINE 
3: DECOMPOSED, REJECT 








2 4 6 
DAYS AT I5°C. 


lO l2 4 16 


i. 4. Spoilage history of egg material inoculated with Pseudomonas ovalis and stored at 15 C in serew-cap bottles. 
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TABLE 3. Effect of soft cooking on odor of eggs fluorescent 
under black light 


ODOR RAW ODOR SOFT-COOKED 
VIABLE 
BACTERIA 
Panel members PER G 


(X 108) 


. 
APPEARANCE Panel members 


A ; BiC;iD/;E 
Normal 0 
Normal, weak yolk 

| Normal, weak yolk 
Normal 
Normal, weak yolk 
Normal, weak yolk 
Normal, weak yolk 
Darkened yolk 
Brown liquid 
Normal 
Normal, weak yolk 
Slightly dark yolk 
Normal, weak yolk 


7] 


650 
960 
1,720 
660 
630 
780 
650 
740 
2,330 
234 
650 
610 
Not 
done 
Normal control Not 


w t 
to 


mam WOW & 


« =,.5 


sow 
— — ho RS 


9 * 


9 * 


done 


* All eggs except number 14 had green fluorescent albumen 
by black light and light green albumen by daylight. 

Key: 0: Passable, no odor. 
: Passable, some odor. 


1 
2 


: Decomposed, borderline. 
3: Decomposed, reject. 


by smelling them. Smelling the raw egg was found to 
be an unreliable test for detection of Pseudomonas- 
infected eggs. Eggs which had come recently to full 
fluorescence were almost never rejected. Odors were 
not detected in all infected shell eggs even when they 
were stored up to 52 days in the fluorescent condition. 
In white light the appearance of such stored eggs was 
often nearly normal, except for the light green watery 
appearance of the albumen. On the other hand, some 
eggs had degenerated to a dark brown liquid. Many 
of these were odorless rots. 

However, naturally-infected and 
artifically-inoculated eggs were broken aseptically 
into closed or partly closed sterile containers. In a 
few days they all developed strong odors of decomposi- 
tion. The point at which odor appeared strong enough 
for a panel to reject inoculated egg material paralleled 
a bacteria count of approximately 10’ per gram (see 
figure 4). When highly odorous Pseudomonas-infected 
egg albumen in a bottle was held 36 days, the odor 
disappeared so that a panel did not reject it. The only 
indication of abnormality was its watery, slightly 
yellow-green appearance in daylight and its bright 
fluorescence under black light. The odorous compounds 
had apparently evaporated during the occasional 
moments the bottle was opened for detection of odor. 
The odor of whole egg treated the same way faded 
also, but not to the point where none was detectable 
after 36 days of storage. Fluorescent eggs in the shell 
held in airtight jars for 2 days produced odors of de- 


several dozen 


composition in the air of the jars. It seems clear t! 
odors of decomposition are produced by pseudomon: 
in shell eggs, but that they evaporate through the s! 
as they are formed. 

An experiment was conducted to determine whet 
or not soft-cooking would have an effect on the 
tensity of odors. Eggs which had been inoculated 
immersion were held 26 days at 15 C after they 
become fluorescent. They were broken into. st« 
Petri dishes, a sample for bacteria count was ta! 
and the raw eggs were smelled by the panel. Then + 
were soft-cooked double-boiler style and smelled a; 
by the panel. Results, as shown in table 3, show | ja: 
soft-cooking does indeed intensify the odors caused |) 
Pseudomonas spoilage. 

A series of experiments was conducted to deter ine 
whether or not a panel could detect odors in. svft- 
boiled eggs at various stages of infection from beginiing 
spots to complete fluorescence. A normal egg from the 
same lot was included in each group of three as a 
control. Panel members were asked to pick out the 
Pseudomonas-infected eggs by odor. All eggs wer 
smelled while still hot. 

Results of this series are shown in table 4. There was 
an increase in the accuracy with which such eggs were 
detected by odor as fluorescence progressed through 
the egg. Eggs stored a few days to a few weeks in 


TABLE 4. Accuracy of odor method for detecting fluorescent 


Pseudomonas-infected shell eggs soft-boiled at variou 
stages of fluorescence* 


NO. OF 
EGGS 


HISTORY OF LOT OF EGGST 


Inoculated. Fluorescent spot 1 square 
inch or less in size 

Inoculated. One-fourth to two-thirds 
of albumen fluorescent 

Inoculated. Albumen fully fluorescent, 
stored thus 0 to 2 days 

Inoculated. Albumen fully fluorescent, 
stored thus 5 to 12 days 

Inoculated. Albumen fully fluorescent, 
stored thus 1 to 13 days 

Inoculated. Albumen fully fluorescent, 
stored thus 2 to 22 days 

Rejected fluorescent eggs from com- 
mercial lot. Exact age not known, 
but less than 4 weeks 

Rejected fluorescent eggs from a com- 
mercial lot about 1 week old 

Rejected fluorescent eggs from com- 
mercial lot 1 to 3 weeks old 


* The panel consisted of three to five members. 

+ A normal egg from the same lot was included as a « 
in each group of three. Therefore, expected correct dé 
for each lot if all eggs judged odorless, 33.3 per cent; © 
judged fluorescent, 66.6 per cent; and all eggs judged cor 
100 per cent. 
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rescent condition were detected 69 to 92 per cent 
of ‘he time. 


DISCUSSION 


he black-light candler can be used to detect eggs 
in. ected with pigment-producing members of the 
ge us Pseudomonas even in the earliest stages of de- 
co: position. For this reason, it is a valuable tool for 
co sumer protection and an economic aid for the egg 
in istry. If undetected, such eggs will reach the con- 
sucer with brightly pigmented albumen and with 
hu dreds of millions of bacteria per gram. Furthermore, 
m: iy of them will possess distinct odors of decomposi- 


luorescence from pseudomonads can be readily 
dis inguished from that caused by normal aging, and 
th: caused by washing the egg in detergents contain- 
ing blancophors (optical bleaches). No other cause of 
fluorescence in eggs has been experienced. 
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SUMMARY 


Eggs previously stored at 85 to 87 per cent relative 
humidity were more rapidly infected by Pseudomonas 
ovalis than were freshly laid eggs when exposed to 
infection under identical conditions. The organism, 
when placed in contact with the inner shell membrane 
of hens’ eggs, formed colonies without penetrating to 
the albumen in the first days of storage. Black-light 
fluorescent pigments diffused into the egg albumen to 
form bacteria-free fluorescent spots in 1 or 2 days. 
The time required for the bacteria to penetrate the 
inner membrane varied from 1 day to more than 8 
In two eggs, the inoculum in contact with the 
membrane died before penetration occurred. 

In all observed instances, fluorescent spots in the 
albumen spread through the entire albumen if the egg 
were left in the shell. The spread of fluorescent pigment 
from the site of primary infection throughout the egg 
took 2 to 11 days at 15 C in eggs inoculated in the air 
cell and examined daily. During this process the bac- 


day 


teria count increased until, when the entire albumen 
had ‘ecome fluorescent, it had reached 10’ per gram. 
Further storage resulted in counts of 10° to 10° per 
gram 

Sh«'| eggs that were only partiy fluorescent gave no 
perceptible odor of decomposition. Eggs stored in 
fully ‘uorescent condition for many days or weeks 
devel.ped odors of decomposition detectable 69 to 
v2 pe cent of the time by a panel, when the eggs were 
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soft-boiled. Fluorescent eggs broken aseptically into 
closed, sterile containers invariably developed distinct 
odors of decomposition in 3 or 4 days, detectable even 
in the raw state. Similar storage of fluorescent eggs 
in the shell in closed jars resulted in decomposition 
odors in the air of the jars in 2 days. Storage of Pseu- 
domonas-inoculated egg albumen in a screw-cap bottle 
resulted in the appearance of distinct odors of decom- 
position when the bacteria count per gram reached 
about 10’. The bottle was opened each day or two for 
smelling tests. The odor first became intense, then 
gradually dissipated, until after 36 days from its 
first appearance it was not detectable by the panel. 
It was concluded that odorous compounds are pro- 
duced by pseudomonads in shell eggs but these com- 
pounds will sometimes evaporate through the shell. 
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Preservation of bacteria at the temperature of dry (1938) found that a single freezing and thawing k 
ice (—78.5 C) is a particularly valuable method for the 89 per cent of Saccharomyces cerevisiae, but only : 
maintenance of such organisms as Treponema pallidum cent of Staphylococcus aureus. The susceptibilit 
which otherwise require continuous animal-to-animal several other bacteria was intermediate. Keith (1/13 
passage. Turner (1938), Turner and Fleming (1939), and showed that if the environmental conditions are 
Turner and Brayton (1939) demonstrated that at the changed, the resistance of the organism may be gret! 
temperature of dry ice T. pallidum and relapsing fever altered. When certain substances, such as sugar, milk, 
spirochetes retain their virulence for long periods. or glycerol, were added to the suspending medium, 
However, in practice it has become apparent that the the bacteria were partially protected from the damage 
freezing method of preservation, especially in the case of freezing at —20 C. Recently, analogous observations 
of spirochetes, is not completely reliable, and that have been made of the effect of glycerol when othe: 
much activity may be lost in the process, so that on types of cells are frozen. Polge, Smith and Parkes 
occasion it has been difficult or impossible to reactivate (1949) and Smith and Polge (1950) have reported 
frozen strains of treponemes (Turner, 1953). that in the presence of dilute glycerol solutions sperma- 

The influence of low temperatures on living cells tozoa of various species can regain their motility and 
has been reviewed by Bélehradek (1935) and by Luyet their physiological activity (Polge, 1951) after being 
and Gehenio (1940). Prudden in 1887 distinguished frozen at the temperature of dry ice; Smith (1{50 
two types of damage which may result from the freezing has reported that red blood cells in glycerol are not 
of bacteria. Although subsequent investigators have hemolyzed by freezing; and Hartmann and Conley 
not always separated these two effects, all the available (1952) have found that blood platelets in the presence Ty 
evidence tends to support this distinction. This is of glycerol are protected from the destructive action 
clearly demonstrated in the studies of Weiser and of freezing. 

Osterud (1945) who state in summary: The amount of damage from freezing and thawing 

“Death by freezing involves a rapidly acting or may be influenced by the rate and by the temper:tur 
“immediate” death, caused by the freezing and thawing . 
per se, and a “storage death” which is a direct func- 
tion of time and temperature.” 

The present study is primarily concerned with the 
damage which occurs during the freezing and thawing. 
Prudden (1887) was the first of many observers to 
report that repeated freezing and thawing was more 
injurious than a single freezing. Weiser and Lief (1940) 
in unpublished experiments, determined that bacteria perature range in which crystallization occurs. —uye' 
which are repeatedly frozen and thawed are damaged (1951) found 28 per cent of a red blood cell susp: sic 
at a rate which is the same for each cycle of freezing was hemolyzed after quick freezing and th: ving 
and thawing so that the loss is exponential. whereas 96 per cent was hemolyzed during slow fre. zing 

Different species of bacteria vary in their suscepti- More recently Luyet and Keane (1952) have rej rte¢ “s 
bility to damage by freezing and thawing. Haines that the speed of freezing was not important 1 pre AD. se 

1 This study was supported by a grant from the National serving chicken embryo cells with ethylene ¢ ye Fo) 
Institutes of Health, U. 8. Public Health Service. and Smith and Polge (1950) have found that ver 100-n 
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slo freezing is necessary in order to preserve mam- 
m: (an spermatozoa with glycerol. 

he second type of damage which is involved in the 
pr ervation of bacteria by freezing is that which occurs 
du ng storage. Examples of studies which demonstrate 
th: the loss during storage is directly related to the 
ter perature include that of Haines (1938) who found 
th: between —2 and —20 C the survival of various 
ba eria was better at lower temperatures; the studies 
of urner and Fleming (1939) and Turner and Brayton 
(if 9) who observed that 7. pallidum and relapsing 
fey r spirochetes survived better at —78 C than at 
hig er temperatures; and that of Weiser and Osterud 
(19 5) who observed progressively better survival of 
ks: erichia coli stored at —1.5, —15, —30, —78, and 




















—115 C. 
- ‘/he experiments reported here were designed to 
is exa nine the effect of glycerol on bacteria during 















































































































































































































































































































o frecving. It should be noted that the method chosen 
13 for comparison differs from that of other studies in 
- tha’ in these experiments the bacteria were subjected 
tly to ‘nultiple freezings and thawings. In the case of 
Uk, treponemes other improvements over prior studies 
'M. @ were also possible since more precise quantitative 
42 methods are now available. It has been found that the 
aa incubation period of syphilis in rabbits is directly 
ther related to the size of the inoculum (Magnuson et al., 
rkes 1948); that the number of treponemes increases 
rted logarithmically during the incubation period (Cumber- 
vac land and Turner, 1949); and that an alteration of the 
and incubation period can be used as an index of the 
elt @ damage or destruction of treponemes under experi- 
930 mental conditions (Hollander et al., 1952). 

not 

nley EXPERIMENTAL METHODS 

— Treponemes of the Nichols strain obtained from 
“Ol ® infected rabbit testes were emulsified in 0.85 per cent 

saline containing 10 per cent heat-inactivated normal 

ving rabbit serum. A thioglycollate reducing medium was 
ture @ used for the motility experiment. C.P. glycerol steri- 
arily @ lized by filtration through sintered glass filters was 
ozei f added as required. The treponeme counts and inocula- 
930; # tions were done as in prior studies from this laboratory 
and J (Cumberland and Turner, 1949; Hollander et al., 1952). 
e is ME Aduli male rabbits were maintained in an environ- 
haw- Ment of 20 C or lower and were fed ‘Rockland (anti- 
tem: fe Dlotic tree) rabbit ration.” 

al Th Escherichia coli and Rhodospirillum rubrum 
aad ‘trail. were single colony isolations of old laboratory 
a stock altures. The Diplococcus pneumoniae strain was 
. f@ ityp I recently isolated. The organisms were grown 
“© in be heart infusion broth and counts were made 
ree on in: ision agar with normal rabbit blood added for 
PUB D. pn -moniae. 

YO" For reezing and thawing, rubber-stoppered 13 X 
ve! 100-m ~~ Pyrex glass tubes containing 2-ml aliquots 
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TABLE 1. Effect of glycerol on the plate counts of Escherichia 
coli and Diplococcus pneumoniae after freezing and thawing 


BROTH GLYCEROL BROTH 
NO. OF TIMES 
FROZEN 
E. coli D. pneumoniae E. coli D. pneumoniae 
0 750, 000 1,500, 000 760, 000 620, 000 
1 320, 000 35, OOO 750, 000 610,000 
2 161, 000 590 S90, 000 680, 000 
4 980 0 790, 000 760, 000 
Ss ° | 0 550, 000 430, 000 


were alternately placed for periods of 5 minutes in a 
dry ice-ethyl alcohol bath, and in a 30-C water bath. 

For the storage experiment these tubes were flame- 
sealed and stored in a dry ice cabinet and in two 
mechanical freezers. Since the boxes were in almost 
daily use for other purposes the temperatures fluctuated 
as in actual storage practice. The designated tempera- 
tures of —70, —40 and —15 C are believed to be con- 
servative figures near the upper limits of the tempera- 
ture ranges. 


EXPERIMENTAL RESULTS 
Viability of Bacteria After Repeated Freezing 
and Thawing 


In the experiments summarized in table 1 the sur- 
vival of broth suspensions of 18-hour cultures of FE. 
coli and 6-hour cultures of D. pneumoniae was measured 
by plate counts after one, two, four and eight freezings. 
At each freezing and thawing bacteria were destroyed 
in proportion to the number of living bacteria present, 
so that the viable population decreased exponentially. 
In other words, the percentage loss at each cycle of 
freezing and thawing was independent of the previous 
history of freezing. These counts plotted on a logarith- 
mic scale (figure 1) produced straight lines, the slopes 
of which represent the rates of destruction. 

When the same bacteria were suspended in broth 
containing 15 per cent glycerol, the viable population 
was not decreased by as many as eight freezings and 
thawings. The logarithmic plots of these data are 
straight lines with zero slopes (figure 1). 


Viability and Motility of R. rubrum After 
Repeated Freezing and Thawing 

When broth suspensions of R. rubrum were repeatedly 
frozen the number of viable organisms measured by 
plate’ counts was decreased approximately fivefold 
with each freezing. The motility observed by dark- 
field examination declined in the same manner from 
about 80 per cent before freezing, to 35 per cent after 
one freezing; to 7 per cent after two freezings; to less 
than 1 per cent after three freezings; and to 0 after 
four freezings. The rate of destruction observed with 
R. rubrum was greater than that for FE. coli but less 
than that for D. pneumoniae. 
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Fic. 1. The protective action of glycerol on the viability of FE. coli and D. pneumoniae after repeated freezing and thawing. 
data of table 1 are plotted to show the proportion of the original population which remained viable after various numbers of { 


ings.) 


TABLE 2. Effect of glycerol on the motility of Treponema 
pallidum after freezing and thawing 


PER CENT GLYCEROL 
NO, OF TIMES 
FROZEN 
10 


100 
84 100 

92 92 

76 92 

12 | 56 84 

2 | 32 48 


* Numbers are per cent of organisms showing motility. 


When R. rubrum was placed in a medium containing 
15 per cent glycerol the viability determinations were 
irregular and not reproducible. This irregularity was 
related to the presence of glycerol rather than to the 
freezing treatment, for R. rubrum did not grow in or 
on media which contained 15 per cent glycerol, and 
when organisms in glycerol solutions were subsequently 
transferred to glycerol-free media, survival was in- 
versely proportional to the time of contact with glycerol. 
Van Niel (1944) has also found that glycerol is toxic 
for R. rubrum. 

Observations on the motility of R. rubrum in the 
presence of glycerol suggest that there was protection 
against the damage of freezing and thawing just as in 
the case of EH. coli and D. pneumoniae but that this 
effect was obscured by the toxicity of the glycerol. 
After eight freezings and thawings in 15 per cent 
glycerol the number of motile organisms was not re- 
duced, and while the bacteria individually became much 
less active, the bacteria in glycerol solutions which 
were not frozen became inactive in the same manner. 


Motility of T. pallidum After Repeated 
Freezing and Thawing 
In the experiment summarized in table 2, it 
found that the motility of T. pallidum also decr 
after freezing and thawing and was _ protected 


glycerol with increasing effectiveness up to 15 per ce 


Since 15 per cent seemed to be as efficient as |: 
amounts, this concentration was used exclusively i 
following studies. 


Virulence of T. pallidum After Repeated 
Freezing and Thawing 


To determine whether the motile treponemes 
fully virulent after freezing, rabbits were inocu 
with 500,000 organisms intracutaneously in ea: 
eight sites on the shaved surface of the back acco 
to the scheme in table 3. The expected incub 
period for this size inoculum is about 6 days. 
each successive tenfold decrease in the size 0! 
inoculum increases the incubation period ab: 


TABLE 3. Effect of glycerol in frozen and thawed suspens 
Treponema pallidum on the incubation period of syp 
in rabbits 


NO. OF TIMES 


FROZEN SERUM SALINE GLYCEROL SERUM SAI 


0 5* 7 
13 | 14 
26 | 27 

Negativet | Negative 

Not inoculated 1 


Not inoculat: 


* Numbers are incubation periods in days. 
+ Negative animals developed no lesions and the po 
lymph nodes were not infectious for normal rabbits. 
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day, the length of the incubation period is a measure 
of te number of living virulent organisms inoculated 

















M: cnuson et al., 1948; Cumberland and ‘lurner, 
194°. and Hollander et al., 1952). 
‘Ye rabbits inoculated with the unfrozen serum 











sali) © suspension developed lesions after 5 and 7 
day as expected with 500,000 treponemes. When the 
sam emulsion was frozen once, the incubation periods 
13 and 14 days, and when frozen twice 26 and 
27 «ys. Since 4 days corresponds to a tenfold decrease 
in te inoculum, these incubation periods signify that 
the {fective inocula were of the order of 5,000 after 
one reezing and only 5 treponemes after two freezings, 
and -ndicate that the rate of destruction was at least 
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(0.0 ver cent at each freezing. If this rate of destruc- 

tion -ontinued no virulent organisms would be present 

afte: three or four freezings, and, in fact, in this experi- 

men’ rabbits inoculated with four times frozen material 

rem: ned symptomless for 60 days, and their popliteal 
‘he J lymj nodes when transferred to other animals were 
” nonifectious. 
In contrast, when glycerol was present in the trepo- 
neme suspension, the virulence measured by the incu- 
hation period was not altered by a single freezing nor 
even by as many as four freezings (table 3). After 16 
vas BB freezings the mean incubation period was prolonged 4 
sed f@ days corresponding to a loss of virulence of about 90 
by fi per cent; however, it should be noted that because of 
‘it. Bthe repeated freezings and thawings, this suspension 
ger HM was in the thawed state much longer than the others, 
the HB and it is known that exposure to atmospheric oxygen 

itself will cause loss of virulence of 7’. pallidum within 

afew hours. 

Storage of Frozen T. pallidum 

vere Aliquots of a suspension of treponemes diluted to a 
ited Pconcentration of 50,000 per ml in serum saline either 
1 of Bwith or without glycerol were subjected to various 
ling [storage conditions after a single freezing as shown in 
tion Htable 4. The virulence of the specimens was then deter- 
ince Mmined by the intracutaneous inoculation of rabbits. 
the JBEach specimen to be tested was inoculated in 0.1-ml 
t 4 Biquantities in multiple sites on the back of each of 

lour rabbits, and only one specimen was tested in 
a each rabbit. 

The observed incubation period of about 15 days 
lor the unfrozen material was in accord with the ex- 
pected incubation period for an inoculum of 5,000 
treponemes. As in the preceding experiment the 
virulence of the serum saline suspension was reduced 
bout 69 per cent by the one freezing so that lesions 
vere de ayed about 10 days, while the virulence of the 
lyeero’ serum saline suspension was not altered by the 
ingle reezing. When the serum saline material, 

23 lready -everely damaged by the freezing, was stored 
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nth at —70 C there was apparently some 
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TABLE 4. Effect of glycerol in stored frozen suspension of 
Treponema pallidum on the incubation period of syphilis 
in rabbits 


STORAGE CONDITIONS SERUM SALINE GLYCEROL SERUM SALINE 


Not frozen 12*| 15/ 16] 16) 14) 15| 16| 17 
Frozen, not 

stored 23 24 26 26 14 15 15 17 
—15C 1 mo. Negt Neg Neg Neg) Neg Neg Neg Neg 
—15C 2 mo. Not inoculated Neg Neg Neg, Neg 
—40C 1 mo. Neg Neg Neg Neg 24 10 Neg Neg 
—40C 2 mo. Not inoculated Neg Neg Neg Neg 


—7O0C 1 mo. 24 38 
—70C 2 mo. 


Neg Neg 14 14 16 16 
Not inoculated 13 14 16 16 
* Numbers are incubation periods in days. 
t Negative animals developed no lesions and the popliteal 
lymph nodes were not infectious for normal rabbits. 


further loss so that only two of four animals developed 
lesions, while after storage for 1 month at —40 C 
and —15 C none of the animals developed lesions 
(table 4). The lymph nodes of the negative animals 
were noninfectious when transferred to normal rabbits. 

When the glycerol serum suspension, which had not 
been damaged by the freezing and thawing, was stored 
at —70 C, there was no detectable loss of virulence 
after 1 month nor after 2 months. Higher temperatures, 
however, did not prevent deterioration during storage. 
Only two of four animals became infected from material 
stored 1 month at —40 C, and none were infected 
from material stored 2 months at —40 C or 1 month 
at —15 C (table 4). 


DISCUSSION 


The present experiments, in which the presence of 
glycerol was able to prevent the damage to bacteria 
by freezing and thawing but did not seem to influence 
the damage during storage, afford additional evidence 
in support of the view that these two types of damage 
have separate and independent mechanisms. 


Damage During Freezing and Thawing 


A number of explanations have been suggested for 
the damage which occurs when bacteria are frozen 
and thawed (Bélehradek, 1935; and Luyet and Gehenio, 
1940). This study clearly demonstrates that the sur- 
vivors after repeated freezing are as susceptible as the 
original population, and the damage process is there- 
fore more complex than a simple separation of sus- 
ceptible cells from resistant cells. 

The theory of Luyet and his group (1940, 1951), 
attributing the damage to the formation of ice crystals, 
is difficult to reconcile with the protective action of 
glycerol. Indeed Smith, Polge and Smiles (1951) have 
reported that crystals are formed when red_ blood 





168 DAVID H. HOLLANDER .; 


cells are frozen in the presence of a concentration of 
glycerol which will suppress hemolysis. Another theory 
is that the damage can be explained on the basis of 
the hypertonic salt solution which accumulates as pure 
ice separates differentially in the early stage of freezing. 
Lovelock (1953) has shown that this explanation is 
satisfactory for red blood cells. It should be noted, 
however, that red blood cells are peculiarly susceptible 
to osmotic shock. 

The theory which we believe may be the true ex- 
planation is that the destruction is the result of me- 
chanical compression. The compression is a 
quence of the fact that water expands 9 per cent when 
it changes into ice; and the damage arises from the 


conse- 


same forces that cause bursting of enclosed vessels 
when water freezes into ice. Just as glycerol in very 
small amounts can protect cooling systems from this 
expansion (Zink, 1948), in the same manner glycerol 
probably protects suspended cells from damage by 
compression, whether red blood cells, blood platelets, 
spermatozoa, or bacteria. 

Glycerol, like many other substances which have 
antifreeze properties, is completely soluble as a liquid 
but is immiscible in the solid phase. When such a 
solution is cooled, pure ice separates, the solute as a 
result becomes more concentrated, and the freezing 
point is progressively lowered. Only when the tempera- 
ture reaches the eutectic point, which for glycerol is a 
66.7 per cent solution at —46.5 C, does the mixture 
begin to freeze simultaneously. By this means the 
freezing is distributed over a wide temperature range, 
and the expansion which is due solely to the freezing 
of the water component is likewise spread over a wide 
temperature range. Guiteras and Reich (1947), who 
measured the cubical expansion of glycerol solutions of 
5, 10 and 20 per cent between 0 C and —30 C, found 
that the observed values agreed with those calculated 
according to these theoretical 
contrast, when pure water is cooled, a constant tem- 
perature of 0 C is maintained until the freezing and the 
resultant expansion are completed. 

The freezing and the expansion of glycerol solutions 
in the temperature range of partial freezing is thus 
demonstrably different from the freezing and the 
expansion of water at the same temperatures. The 
manner in which this difference is translated into a 
protection which extends into the range of complete 
freezing is less clear. It is possible that the progressive 
concentration of glycerol during the freezing of a 
dilute glycerol solution may permit the ice to arrange 
itself during freezing with less internal stress; or it 
may be that the bacteria are frozen before the expansion 
of the media is completed, and that the bacteria them- 
selves become more resistant in the frozen state. 
Whatever the precise mechanism, if the mechanical 


considerations. In 
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theory of the protection from damage by freezing jx 
correct, compounds other than glycerol with sim «, 
antifreeze properties should have similar protec: \ 
action, and such in fact has been found to be the ¢: « 
Smith and Polge (1950) have reported that ethy! i 
glycol and propylene glycol were almost as effec \ 
as glycerol in freezing fowl spermatozoa; Luyet — jd 
Keane (1952) have found that ethylene glycol 
protect chicken embryo cells from damage by freez \g 
and Grand, Keane, Bauer and Luyet (1952) were })\ 
to preserve mouse carcinoma cells with ethy »1 
glycol. 
Toxicity of Glycerol 


Glycerol in some unknown manner interfered jt}; 
the growth of R. rubrum so that it could not be | ised 
for the preservation of this organism. The natu:« oj 
this apparent toxicity was not investigated nor <s jj 
known how frequently strains or species of bac cris 
may be encountered which are 
glycerol. It is possible that 


unable to tolerat 
some other compo nds 


with similar physical properties may be less toxic and 


therefore more suitable for the preservation of suct 
organisms. 
Deterioration During Storage 

The mechanism of the loss that occurs during th 
storage of frozen bacteria is unknown. If, as is likely, 
the process is the same as that which occurs at abow 
freezing temperatures and if it is merely proceeding 
at a slower rate, then it should be possible to improve 
the preservation at freezing temperatures by acjust- 
ment of factors which influence deterioration i) thi 
unfrozen state. On the other hand, some temperatur 
level such as the eutectic point may be a critica! tem- 
perature above which satisfactory preservation js 10! 
possible. In these experiments we have examined thi 
effect of storage only to the extent that —70 © was 
found to be an excellent storage temperature for « 
suspension of treponemes in 15 per cent glycerol, 
while —40 and —15 C were unsatisfactory for th 
same suspension. These observations on the re ‘atio! 
of storage temperature to the survival of trepouemes 
are in agreement with those reported by |} ire! 
(1939). 

Applicability of the Method 

The studies reported here have shown that © ‘rtai! 
bacteria may be frozen with virtually no dam. ge !! 
the presence of glycerol. Since other organisms « )pea! 
to be incapable of surviving in the presence of g) cero 
it is obvious that its application must be limi <d | 
those organisms and perhaps to specific strains hic! 
tolerate glycerol. 

In this laboratory various strains and spe  °s 
treponemes have been preserved in glycerol so! (iol 
at —70 C and although the experience is still li ited 
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the ‘iitial results seem completely satisfactory. The 
met! od may have many similar applications in the 
pres vation of large pools of organisms for comparable 
inoc: a in experiments distributed over a space of time, 








or t > preservations of sensitive strains of organisms. 
For xample, it is probable that attenuated strains in- 





































































































































































































































































































“ tend d for immunization such as the BCG strain of 
2° Wy bacterium tuberculosis could be safely maintained 
. for ry long periods in the frozen state without fear of 
« mut tion. 
i A number of biologic substances other than those 
. aire: ly mentioned have been found to be injured by 
free, ng and thawing. Weinman and McCallister 
194 ) were able to preserve virulent Trypanosomes, 
ith Leis mania, Trichomonads and Plasmodia by freezing, 
sed HB hut oted that about 99 per cent of the organisms were 
Ol kille, and Rivers (1927) found that several viruses, 
it HB bact riophage, complement and trypsin were either 
eri kille’ or inactivated by repeated freezing and thawing. 
at lf the damage caused by freezing these various sub- 
nds 7 tances is mechanical, and if, as is suggested above, 
and ¥@% the protection afforded by glycerol is simply protection 
uch JJ from this mechanical force, then it may be anticipated 
that glycerol may also protect other living cells, proto- 
woa, proteins and biological materials of many sorts 
the (irom the damage of freezing and thawing. 
ied SUMMARY 
OVE 
ding Four species of bacteria, Escherichia coli, Diplococcus 
rove fg preumoniae, Rhodospirillum rubrum, and Treponema 
iust- fe pallidum were destroyed at an exponential rate when 
i subjected to repeated cycles of freezing and thawing. 
ture The presence of 15 per cent glycerol protected LF. 
tem- fg coli, D. pneumoniae, and T. pallidum from the damage 
- not ol freezing and thawing. 
1 the Glycerol was found to be toxic for R. rubrum and 
was | therefore was not suitable for use with this organism. 
or : T. pallidum was stored in 15 per cent glycerol at 
erol, | -70 © for 2 months without any detectable loss of 
the J virulence. Aliquots of the same suspension deteriorated 
ition MBE rapidly at —40 and —15 C. 
emes It is suggested that the death which occurs during 
irner {@ the freezing and thawing of bacteria is from mechanical 
ompression, and that the protection afforded by 
glycerol is explainable by the physical characteristics 
fol gly-crol solutions. 
ne The protective effect of dilute glycerol solutions 
A ay may | applicable to the preservation of many other 
sons types i fragile and unstable biological materials. 
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Submerged culturing of mushroom mycelium was 
reported by Humfeld several years ago (1948) and 
subsequently developed by Humfeld and Sugihara 
(1949, 1952) to permit low-cost, large-scale production. 

The report of Block et al. (1953) that a strain of 
Agaricus blazei is suited to submerged culture indicates 
a continuing interest in this method of propagating 
mycelium. They reported excellent yields of mushroom 
mycelium grown on orange juice, citrus press water, 
and chemically defined media. Szuecs (1953) recently 
has suggested the use of penicillin vats for the produc- 
tion of mushroom mycelium with sulfite liquor as the 
medium. 

The ability of selected stocks of various mushroom 
species to grow well in submerged culture is described 
herein. During our studies, a total of 20 species were 
grown successfully in submerged culture. All of the 
mushroom mycelium cultures were obtained from tissue 
culture. The sporophores were collected by the authors 
in the general vicinity of this laboratory, with the 
exceptions noted in table 1. Using standard aseptic 
methods, small pieces of sporophore tissue were placed 
on potato-dextrose agar plates. Incubation was at 
28 C. Subsequent subculturing produced pure cultures 
of mushroom mycelium. Table 1 shows the wide variety 
of mushroom species that were grown by submerged 
culture in. chemically defined medium (Humfeld and 
Sugihara, 1949). 

A number of the stocks produced ‘‘secondary spores” 
(Kligman, 1942) and propagated rapidly in shaken 


1 Deceased, March 1953. 


flasks, whereas others grew in the pellet-like colonies 


at a much lower rate. The production of ‘“seecondar 
spores” is correlated with and may be necessary {i 
the rapid propagation of mushroom mycelium. They 


spores occur either terminally or intercalarily (‘igure 
1 and 3). In a 150-liter fermentor with 5 per cen 
inoculum, extensive sporulation of the strains oi 
Agaricus campestris started approximately 15 how 


after inoculation. A short while after sporulatio 
commenced, numerous spores were observed to be i: 
the process of germination (figures 2 and 4). “Seceondan 
spores”’ 
the characteristic dispersed type of growth. The moi 
of sporulation was identical in all cases. 

The main problem at present is the developniec 
submerged culturing of “mushroom flavor’’ of s 
intensity and consumer acceptability. Samy 
mycelium of Agaricus campestris (Strains M5 (\ 


2334) and M16 (NRRL 2335)) grown in chemically 


defined media were cooked and submitted to « pani 


of tasters. The taste panel reacted favorably ‘ hougi 


variably. The more favorable comments were t! at thi 
samples were nut-like, cheese-like and pleasa:t. () 


the other hand, certain individuals could ident: y au 


did prefer samples of natural mushrooms even _ ous! 


the samples were disguised. Mycelium grown } » s0lil 


media possesses typical mushroom odor, but t!) odo’ 
is not detectable in mycelium grown in sub) :erge 
culture. Of the species other than Agaricus can 
only Lepiota rachodes had a pleasant flavor. 

When the problem of mushroom flavor is so! 


were observed in all cultures that displayed 
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SUBMERGED CULTURE OF MUSHROOM SPECIES 


TABLE 1. Mushroom species grown in submerged culture on synthetic medium* 
SPECIES CULTURE NO.t SOURC Et GROWTH CHARACTERISTICS YIELD 


g dry matter 

100 g glucose 
us campestris (white var.) M5; NRRL 2334 Dispersed, spores present 55-60 
‘us campestris (cream var.) M16; NRRL 2335 Dispersed, spores present 40-50 


‘us campestris (white var.) M28; NRRL 2336 Dispersed, spores present 45-55 


‘us placomyces Ms86 A Dispersed, spores present 50 


us rodmanii M21 Pellet-like colonies 30-- 


laria mellea : ; M6 Dispersed, spores present 50 


trellus cibarius oa M83; NRRL 2370 f Pellet-like colonies 20-: 
ia umbulata Ms2 ! Pellet-like colonies 20-< 
ia velutipes M70; NRRL 2367 Pellet-like colonies 30— 
us comatus M46 Dispersed, spores prese 40) 
ius comatus M67 Dispersed, spores prese 40 
J Pellet-like colonies 20 
a naucina M73; NRRL 2368 ) Pellet-like colonies 40 
a procera M44 Pellet-like colonies 40 
a rachodes M76 


ma sinapizans Ms4 


J Dispersed, spores prese 40) 
erdon umbrinum M85; NRRL 2372 1 Pellet-like colonies 20-< 
ella sp. M34 Pellet-like colonies 40 
ella crassipes M37; NRRL 2369 Pellet-like colonies 40) 
itus ostreatus M69; NRRL 2366 Pellet-like colonies 40) 
rus sulphureus M72 Pellet-like colonies 30 
jbe sp. } M77 Pellet-like colonies 30 


yhyllum commune M71 Pellet-like colonies 30 
I 


iloma nudum M81; NRRL 2371 ! Dispersed, spores present 40- 


le yes 


\fedium composition Humfeld and Sugihara (1949). 
t Stocks designated by NRRL are in the Culture Collection of the Northern Regional Research Laboratory, Peoria, Ill. 
y 10 t Source A. Collected by authors. 
Phes . Mr. S. Bellici, San Francisco, Calif. 
oures . Dr. J. W. Sinden, Penn. State College, Pa. 

seal . Dr. R. Davidson, Bur. Plant Ind., Beltsville, Md. 

{. Dr. P. A. Ark, Dept. Plant Path., U. of Calif., Berkeley, Calif, 
*. Cave Mushroom Co., Santa Cruz, Calif. 

. Mr. G. Kennedy, Redwood City, Calif. 
lation H. Dr. I. J. Hutchings, H. J. Heinz Co., Pittsburgh, Pa. 
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1. Agaricus campestris (M5; NRRL 2334) mycelium 
showing terminal and interecalary spores. (X 600) 


oT . 
Loug! Fr 


solid 


Fic. 2. Agaricus campestris (M5; NRRL 2334) germinating 
spores. (X 600) 


oder (Robbins et al., 1947) and vitamin concentrates (Block 


entirely new source of food supply rich in proteins, et al., 1953). 

) carbohydrates, and vitamins (Humfeld and Sugihara, ACKNOWLEDGMENT 

1949) vill be available. Other possible products from The authors are indebted to Mrs. Phyllis G. Me- 
|Mushrom mycelium propagation are antibiotics Millan (University of California, Berkeley) for identifi- 


erge 





wales 


Fig. 3. Armillaria mellea (M6) mycelium showing terminal 
and interealary spore formation. (X 1350) 


cation of mushrooms and to Dr. J. C. Lewis for his 


valuable suggestions and comments. 
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‘ther tests of the newly designed high-speed 
safet  blendor bow] (Reitman, et al., 1953) have shown 
cert? n inherent weaknesses in mass-produced models 
whic. are not present in a single model produced by a 
high skilled machinist. Tolerances of machined 
parts have to be exacting to insure proper mechanical 
oper. (ion and to prevent the escape of bacterial or 
viral aerosols. In some models, leaks were detected 
arou: d the screw top. In others, the ball bearing or 
vilite bearing jammed the drive shaft and caused 
exces-ive friction with subsequent heating of the 
blendor bowl and contents. 

A new leakproof top has been developed which 
onsists of a solid aluminum plate (figure 1) which is 
tightened by means of wing nuts over a rubber “O” 
ring gasket seated in the top of the bowl. 

The bowl bearing and oilite bearings have been 
replaced with teflon bearings (United States Gasket 
‘o., Camden, N. J.) which are long-lasting and create 
minimum friction. Design prints are available on 
request. 

Temperature tests with this new bowl were made 
vhile homogenizing embryonated eggs. When the 
howl and contents were chilled to approximately 5 C 
and blending was carried out in a cold room (5 C), 
the average rises in temperature after 5 minutes’ 
operation with 11- and 15-day-old eggs were 5.93 and 
(93 degrees C, respectively. 

Repetition of these same tests but at room tempera- 
ture (27 C) produced temperature rises which averaged 
($4 and 8.59 degrees C for 11- and 15-day-old eggs. 

Warning: Sodium hypochlorite or other corrosive 


liquids should not be used to disinfect the aluminum 
bowl because of consequent damage to the drive shaft. 


Fic. 1. Modified high-speed blendor bowl 
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A new antibiotic, aterrimin (Lewis et al., 1953), 
is unstable in aqueous solution at pH 7, and insoluble 
at lower pH levels. Aterrimin can be dissolved in 
absolute alcohol and the solutions can be used satis- 
factorily in a cylinder-plate type of assay (Heatley, 
1944). Further investigation has established that several 
other organic solvents are nontoxic to various bacteria 
when used in cylinders. This information may prove 
useful to others who wish to assay antibiotics which 
are not readily soluble or which are unstable in aqueous 
solutions. 

The literature suggests that it has been generally 
assumed that high concentrations of organic solvents 
would interfere with cylinder-plate assays. No refer- 


larly of crude preparations which contain viable ore. 
from the parent culture, the paper-dise method a. ords 
less protection against contamination than the cy! der- 
plate method. B 
The purification of aterrimin has been follow 4 }y f°" 
cylinder-plate assays with Bacillus megaterium > RL. 
B-938 on nutrient agar (Difco) plates incubated for |\ 
hours at 35 C. Samples were evaporated when 
sary and dissolved in absolute ethyl alcohol; o 
were diluted with ethyl alcohol so that the con 
tion of any other solvent originally present was r 
to less than 3 per cent. Standards were prep: 
absolute ethyl alcohol. Inconsistent results ma 
if all samples and standards are not added as so 
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TABLE 1. Effect of organic solvents in cylinder-plate assays on growth of various bacteria* 


Ethyl 
alcohol 
(abso- 
lute) 


TEST ORGANISM 
Methyl 


alcohol | alcohol 


€ 


Bacillus megaterium 3 
Bacillus brevis.......... + 
ee 4t 
Micrococcus flavus t 
Micrococcus pyogenes var. albus.... 10t 
EN 6G ene awn as .o4 . + 
Arthrobacter citreus n. sp : AS | 8t 


n-Propyl Isopropyl n-Butyl 


DIAMETER OF INHIBITION ZONE (MM) 


Chloro 
form 


Isobutyl a A: 1,4 Aostine 
alcohol | alcohol | alcohol f cept Dioxane | “¢etone 


ormamide 


w 


13 
10 17t 
t 5 18 Ot 


Ste 


* One-tenth ml of solvent per cylinder (six cylinders per plate), on seeded nutrient agar plates, incubated for 16 hrs at 35 


for Arthrobacter citreus). 


+ Growth either entirely inhibited or greatly reduced on the entire plate. 


t Growth slightly reduced over the entire plate. 


ence to the successful use of samples containing more 
than 5 per cent organic solvents in cylinder-plate 
tests (Hoff et al., 1947) has been found. Heatley (1944) 
stated that the presence of chloroform or ether seemed 
to have no disturbing effect on cylinder-plate assays, 
but he apparently was referring only to the amount 
of these solvents that would have been present in 
buffered aqueous solutions of penicillin. Loo et al. (1945) 
reported that solutions containing methanol, ethanol, 
acetone, or dioxane gave high and erratic results when 
assayed by the cylinder-plate method, but had little 
or no effect on a paper-disc assay. The paper-disc 
method has been considered to offer an advantage in 
that solvents readily evaporate from the discs and 
thus do not interfere with assays (Florey et al., 1949; 
Pharmaceutical Society of Great Britain, 1952). 
However, when unsterilized samples are used, particu- 


of uniform solvent composition, even though the othe 
solvents are shown to be nontoxic to the assay organisi 

Table 1 shows the effect of various (random) 
chosen) solvents on several assay organisms. (i 
tenth ml of solvent was used per cylinder (six ¢ 
per plate), on seeded nutrient agar plates, in 
for 16 hours at 35 C (25 C for Arthrobacte: 
N.sp. Sacks, 1954). 

Extensive experience has not been gained ' 
assay of solutions in organic solvents other th 
alcohol. It appears probable, however, that by 
able choice of assay organisms, several other 
could be used successfully in cylinder-plate ass 


linders 
ubated 


cil 


SUMMARY 


Cylinder-plate assays were conducted suc 
with samples dissolved in absolute ethyl al 
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ORGANIC SOLVENTS IN 


er-plate tests methy! alcohol was nontoxic to all 


seven test organisms. Acetone markedly affected 
wo of the seven test organisms and the growth 
e out of seven was inhibited by isopropyl alcohol 
ion tetrachloride. 
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e history of sawdust is woven into the earliest 

ls of man’s use of wood as a protection from the 

itudes of life. The particles of wood (sawdust) 
wcu nulated wherever man was working with wood. 
The greatest amounts accumulated near the sawmills. 
Mei with imagination found ways to put these waste 
particles of wood to a worthwhile use, such as insula- 
tion ior ice houses, a covering for floors in meat shops, 
and 1 ground cover in animal shows. The manufacture 
and sale of sawdust is now an industry that uses all of 
the sawdust which is a by-product of sawmills, and in 
addition, great quantities of wood are shipped from the 
forest sawmills to the sawdust grinding mills. The 
crinding mills prepare sawdust in any size particle a 
buyer desires. The material is loaded into railroad cars 
by means of blowers and is shipped throughout the 
country. 

The sawdust particle as examined under a low power 
microscope has a roughened surface. Mold spores have 
many projections which enable them to stick to rough- 
ened surfaces. Therefore, there is evidence that sawdust 
isan ideal place for mold spores to collect until they are 
exposed to optimum conditions for growth. It has been 
known sinee the early 1920’s that sawdust provides a 
harborage for mold spores. The large surfaces of the in- 
numerable fine particles of sawdust provide an exten- 
sive reservoir of spores. 

Mold spores can remain viable on sawdust, and all 
that is needed to start their growth is moisture. Saw- 
dust has a very low moisture content, about 6 to 15 
per cent, and the moisture absorbed from the air or 
from condensates on products usually is inadequate to 
support mold growth, especially as it evaporates rapidly 
irom the large area presented by the sawdust particles. 
Nevertheless, sufficient water often is derived from in- 
dividual sources, such as leaks in plumbing connections, 
or high air humidities to keep the sawdust wet long 
enoug!: for the spores to germinate. In a packing plant, 
the r»w products such as beef, pork, and sheep car- 
casses, furnish nutrients in the form of carbohydrates, 
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fats, and proteins, all of which support the growth of 
molds. 

Sawdust serves varied purposes in coolers and chill 
rooms in packing plants. It keeps the drippings from 
beef, pork, and sheep carcasses in chill coolers off the 
floor. In the second stage of meat packing, it adsorbs 
the fat drippings and moisture condensate in the smoked 
meat departments. It absorbs moisture in sausage 
coolers following heat processing. Sawdust also acts as 
an excellent insulation on the cement floor in packing 
rooms and thus protects the feet of the workers in these 
refrigerated areas. It is small wonder that under these 
conditions the bacteriologists and the sanitarians who 
try to eliminate the use of sawdust for the sake of mold 
control, are little appreciated. 

An additional important factor in the retaining of 
sawdust is its low cost. The price is not subject to wide 
fluctuation and is not met by competitive floor cover- 
ings. Also, it is readily available in the localities of 
packing plants and their branch houses. In view of all 
these conditions, attempts to replace sawdust with 
other materials have been abandoned. The laboratory 
studies reported in this paper are directed at methods 
of removing microorganisms from the air of packing 
houses in which sawdust is employed as a floor cover- 
ing. The investigations were stimulated by proposals 
advanced in recent years to remove microorganisms, 
particularly bacteria, from air of barracks and military 
hospitals. 


EXPERIMENTAL METHODS 


The microorganisms present in the air of packing 
rooms were determined by exposing Petri dishes for 
2 minutes in an electrostatic air sampler through which 
air was passed at the rate of a cubic half-foot per 
minute. The air sampler was placed at various posi- 
tions in the room in the manner described in the section 
on Results and Discussion. 

Tests were run with potato dextrose agar and mineral 
salts dextrose agar. No statistical difference between 
the growth-promoting characteristics of the two media 
was detected. Also, there was no significant statistical 
difference found in the mold counts of the air of rooms 
with variously treated sawdust. The two nutrient media 
being equal, it was decided to use the mineral salts 
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Fic. la (left). Electrostatic sampling positions and molds recovered from air, morning sampling. tent 
Fia. 1b (right). Electrostatic sampling positions and molds recovered from air, afternoon sampling. sults. 

tour 

dextrose agar in all further work since it had been RESULTS AND DIscussION a lal 
proved satisfactory in prior work on fungicides in 


. er ‘ : Examination of a meat processing room in which @ [at 
paints. The formula per liter is as follows: 


sawdust is used as a floor covering brings to light som, qT 
eit iio 20 ¢ interesting facts which explain the manner in which J 824 
Potassium dihydrogen phosphate 10 ¢ products may be attacked and spoiled by microorgan- mad 
Magnesium sulphate -7 HO 0.5 ¢ isms. The mold spores are scattered through the aii 
Potassium chloride. . 0.5¢ of the room whenever the sawdust is disturbed and an 
Ferrous sulphate -7 H.O.. 0.1 g : : , 
ie . 10.0 g kept suspended and in motion by persons working «bout 
Bacto agar > 00g the room. Hence, the products being processed are 
Water... ee inoculated with molds and bacteria at every stage ol 
their preparation. All processing rooms in meat packing 
plants undergo a rigid sanitary clean-up at the close oi 
the day. Visible trash is raked from the floor and new 
clean sawdust is put down to keep its depth constant 
During this cleanup, the sawdust is stirred up so that 
the air becomes permeated with mold spores which 
remain suspended for many hours. Thus, a ready soure 
of mold contamination is provided for the following 
day. Microbial counts were made with an electrostatic 
air sampler placed in seven positions in a beef «oole! 
150 feet by 40 feet by 8 feet. During the sampling proc- 
ess from 3 to 10 men were working in the room area 
Figure 1 shows the positions of the electrostat.’ ai 
sampler as well as the microbial flora obtaine:|. In 
table 1 the number of spores found in the room | thi 
morning and afternoon tests are recorded, demon trat- 
ing the increase in mold content of the air due +» th 
disturbance of the sawdust by workers througho' | thi 
day. 

The first attempt to reduce the mold count of 1 \¢ ail 
of packing rooms was based on the thought th: | thi 

4Cunilate is the trademark for copper-8-quinolinolate mold _— and bacteria in sawdust might be tr: ype! 
having xylene as thinner, manufactured by Scientific Oil by the addition of mineral oil which would not sv \por' 
Compounding Co., Chicago, Illinois. mold or bacterial growth. Premium, white, — igh 


For the fungicide spot test described in the section 
on results, the tests were run in plastic sandwich dishes 
containing 0.1 and 1.0 g sawdust and 0.1 to 1.5 g of 
fungicide in 1 per cent concentration and 60 to 70 ml 
of mineral salts dextrose agar. Plate counts made in 
triplicate have yielded more accurate data than plate 
counts made in duplicate. The work reported, there- 
fore, represents a summary of determinations made in 
triplicate. 

Confirmatory tests of fungicidal action were made 
on 1 to 2 pounds of sawdust which was considered 
sufficient to give significant results. A portable Hobart 
mixer (model C-100, formerly C-10), 10-qt capacity 
bowl, was found to hold 700 g of sawdust without spill- 
age during mixing. The 700 g of sawdust were then 
wet with 200 ml of a solvent found compatible with the 
fungicide employed. Stock solutions of the fungicide 
consisted of 50 ml of a 10 per cent solubilized copper- 
8-quinolinolate solution‘ made up to 500 ml by volume 
of the respective solvents. 
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tapi i L. Mold spore contamination in the air of a meat packing TaBLe 2. Mold present in sawdust treated with the fungicide 


process room Cunilate 2137* 


MOLD SPORES PER CUBIC FOOT NUMBER OF MOLD COLONIES PRESENTT 
ION OF AIR SAMPLER* 


Morning tests Afternoon tests O1g lg lg lg 
— sawdust sawdust sawdust 
PAS aes ? a O1gun- with with with with 
d09T 2655 18 ae ge treated O1g O58 lg 15g 
294 1868 so sawdust Cuni- Cuni-  Cuni- + Cuni- 
- a late late late late 
1500 2137 | 2137 | 2137 | 2137 


SAMPLE NO, 


2556 
f . R89 1 Overgrown 290 0 0 0 0 
9 i aia FF 
6 ! 1100 é Overgrown 0 0 0 0 
7 ‘ 1640 3 Overgrown 246 0 0 0 0 
Average 267 0 0 0 0 
*+.e diagram in figure 1. Molds per g_ Too numer- | 2,670 0 0) 0 0 
+: igures determined by exposing plates for 2 minutes in ous to 
‘trostatic air sampler through which air was passed at a count 
a cubic half-foot per minute. : SS <i ‘ 
* Cunilate 2137 (copper-8-quinolinolate) in 1 per cent con- 
centration and thinned with xylene. 


mineral oil in an aqueous emulsion produced good + Incubation 5 days at 32 C in minerals salts dextrose agar. 
coverage of sawdust without raising the moisture con- 
tent too high. Mineral oil alone gave equally good re- control sawdust over a period of 32 days, no significant 
sults and did not give the sawdust an oily appearance or statistical difference was found in the air mold count 
toucli. The mineral oil was mixed with the sawdust in of the room when untreated or oil-treated sawdust 
alaboratory size Hobart mixer such as is used by manu- covered the floor. 
chich #@ facturers of animal feeds. Since trapping mold spores on an oil film with saw- 
some The oiled sawdust was placed on the floor of small dust proved unsuccessful, further laboratory studies 
which Mf irankfurter packing coolers. When mold counts were were undertaken. A series of fungicide spot tests was 
rgan- fq made in coolers with oiled sawdust and in coolers with run on sawdust treated with Cunilate 2137. One-tenth 
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Fig. 2 Molds recovered from sawdust. Top row: Untreated sawdust, 0.1 g. Bottom row: Sawdust, 1.0 g treated with Cunilate 2137. 
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TABLE 3. Fungicidal properties of Cunilate 2137 in mineral oil TABLE 4. Fungistatic action of dimethyldodecylamine on sa 
and isopropanol 
MOLD COUNT PER GRAM* 
MOLDS PRESENT TAREE 20. : : 
5 days incubation 10 days incubat 
Sawdust Sawdust 
PLATE NO.* Sawdust = Sawdust — ] 0 
Untreated treated rt a treated Cunilate 9 1 
sawdust with light 2137+ and with iso- 2137 and = 
mineral oil light min- propanol isopro- 3 1 
eral oil panol 


* Sawdust treated with 2.8 per cent dimethyldodecy]. .yjn, 
prepared by mixing 20 g in 200 ml water with Ethofat (0/1; 
as an emulsifier, 200 ml. of emulsion added to 700 g sawd 


69 0 73 
80 0 93 
59 0 56 
Average 1 69 0 73 and 1 gram of sawdust was added to agar with (5 
Molds per g : 138 0 146 1.0, and 1.5 g of a 1 per cent concentration of Cu: ilat; 

* Gee dall-qren samples of treated and untreated sawdust dissolved “ xylene. The sawdust was covered aterer 
were plated in triplicate and incubated at 32 C for 5 days. to 70 ml of mineral salts dextrose agar and incu’ vated 

+t The concentration of copper-8-quinolinolate in the saw- for 5 days at 32 C. These tests were successful <0 {a 
dust was 2 g in 700 g sawdust or 0.28 per cent copper-8-quino- as killing the mold spores was concerned. The results 
linolate. are recorded in table 2. 

The type of microorganisms originally contained ji) 
the sawdust is demonstrated in figure 2. The 1-g samples 
of untreated sawdust were so overgrown with mold that 
no counts could be made. Plates inoculated with ().1 g 
of untreated sawdust are shown in figure 2. No mold 
grew at any of the concentrations of Cunilate tested, 
Although the fungicidal properties of the chemical 
used in the spot test were satisfactory, the odor, of 
course, would be objectionable in a beef cooler because 
the fungicide was made up in xylene. 

To check and extend the spot tests, additional labora- 
tory tests were set up. Solvents compatible with Cuni- 
late were ethanol, methanol, isopropanol, naphtha 
(Painters and Varnish Makers Naptha), light minera! 
oil, mineral spirits, and xylene. All of these solvents 
wet the sawdust with the fungicide without limiting its 
properties of absorption. The ratio of wetting agent to 
sawdust found satisfactory was 1 to 3.5. 

Seven hundred grams of sawdust were treated with 

Fig. 3. Molds recovered from sawdust treated with wetting Cunilate in the various solvents in the manner described 
agents and Cunilate 2137 (manufactured with xylene). Top 5 ‘ : : 
left: Sawdust treated with mineral oil; top right: isopropanol; in the section ™ experimental methods. After aint 
bottom left: cunilated mineral oil; bottom right: cunilated iso- ment with solvents containing copper-8-quinolinolate, 
propanol. the sawdust has a light greenish color as compared (0 the 








TaBLE 5. Mold present in sawdust treated with Cunilate 2419 and Cunilate 2174 


AMOUNT OF SAWDUST AMOUNT OF CUNILATE STOCK ouuhees hue ty nl — CERNE OF COPPER-8-QUINO- _— — — . “DAY 
TREATED SOLUTION* USED 8-QUINOLINOLATE) WETTING LINOLATE gtd FINISHED) PER CENT MOISTURE MOLDS PF ®& GRAM 
THE SAWDUST 
grams | 
700 | 200 ml Cunilate 2419 ml to 3.5 g (0.222 
700 100 ml Cunilate 2419 ml to7 g 0.125 
700 | 50 ml Cunilate 2419 ml to 14g 0.066 
700 100 ml Cunilate 2174 in ml to7 g 0.125 
mineral oil 
700 100 ml Cunilate 2174 in ml to7 g 0.140 
isopropanol 
700 50 ml Cunilate 2174 in ml to 14 g 0.070 
isopropanol 
Untreated sawdust 


* Stock solution: 50 g Cunilate 2419 in 500 ml water. 
50 ml Cunilate 2174 in 500 ml mineral oil. 
50 ml Cunilate 2174 in 500 ml isopropanol. 
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brown woody color of untreated sawdust. The 
ig on the sawdust particles can be felt by touch 
ing treatment. 
» data from the plate counts of sawdust following 
tment with mineral oil containing | per cent copper- 
\olinolate and isopropanol containing 1 per cent 
r-8-quinolinolate are typical of and will illustrate 
fectiveness of the fungicide Cunilate with all the 
named solvents as wetting agents. 




















Fic 


Molds recovered from 0.1 g sawdust treated with 
Cunila 


2174 (manufactured with mineral spirits) and Cuni- 
emulsion. Untreated sawdust—see figure 2. Top to 
riplicate platings. Copper-8-quinolinolate; 0.222 per 
‘9 per cent, 0.066 per cent added as Cunilate 2419 
0.125 per cent in mineral oil, 0.140 per cent in iso- 
0.070 per cent in isopropane! added as Cunilate 2174. 
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The mold counts obtained are presented in table 3. 
Neither isopropanol or light mineral oil alone were 
fungicidal as used in the sawdust tested. The addition 
of 0.28 per cent copper-8-quinolinolate as Cunilated 
isopropanol or Cunilated light mineral oil was com- 
pletely fungicidal in the sawdust tested. Figure 3 
demonstrates the molds present in sawdust treated with 
light mineral oil and isopropanol and demonstrates the 
lack of contamination of similar samples of sawdust 
treated with Cunilate. 

The first consideration of any kind in the control of 
microorganisms in a food processing plant is the odor 
of the solvents. Odor that interferes with or modifies 
the odor of food products can not be tolerated. Neither 
the fungicide nor its carrier should impart off-flavors 
or odors to products. This is especially essential in 
creameries, poultry plants, and fresh sausage depart- 
ments. Butter, cheese, fresh processed poultry, and 
fresh ground beef or pork particularly take up odors. 
The Cunilated mineral oil had a slight residual xylene 
odor, enough to prevent its use. The Cunilated iso- 
propanol odor disappears quickly, but in a large cooler 
it does not disappear fast enough to prevent a slight 
odor in the meat. 

Additional tests were made with Milmer I, which 
is copper-8-quinolinolate in powder form. At a con- 
centration of 0.14 per cent, Milmer I is fungistatie. A 
further test showed that dimethyldodecylamine is also 
fungistatic at a concentration of 2.8 per cent in sawdust 
when added as an emulsion in water with Ethofat 
69/15 as an emulsifier (table 4). 

The addition of an emulsified fungicide appeared 
especially desirable since the odor problem could be 
eliminated. A water-soluble emulsion of copper-8- 
quinolinolate, Cunilate 2419, in contact with sawdust 
gave no detectable odor. Emulsified Cunilate 2419 is 
manufactured as a product containing 10 per cent 
copper-8-quinolinolate. A stock solution of the emul- 
sion was employed in these tests by diluting 50 g of the 
heavy Cunilate 2419 emulsion to 500 ml with water. 


Fic. 5. Successful treatment of sawdust with fungicide on a 
pilot plant scale. Left to right: Untreated sawdust, 11 lbs of 
sawdust treated with Cunilate 2419, 16 lbs of sawdust treated 
with Cunilate 2419. 
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TABLE 6. Treatment of sawdust with Cunilate 2419 on a pilot plant scale 


AMOUNT OF 
DILUTED 
CUNILATE 2419* 


AMOUNT OF SAWDUST 


lbs ml 

16 2200 0 0 

11 1500 0 0 
Untreated sawdust 113+ 149 


* Cunilate 2419 diluted 1 to 10 with water. 
+ Average 141 per 0.1 g or 1410 mold spores. 
t Too many to count. 


Cunilate 2174 was employed as a control in the fungi- 
cide tests. However, mineral spirits replaced xylene as 
a solvent about this time in the manufacture of Cunilate 
2174. Therefore, the product differed from that shown 
to be satisfactory as a fungicide in the experiments re- 
ported in table 1. The fungicidal action of the two 
forms of Cunilate is demonstrated in the data compiled 
in table 5. 

Emulsified Cunilate 2419 at a concentration of 0.07 
per cent, Cunilate 2174 in isopropanol at a concentra- 
tion of 0.22 per cent, and Cunilate 2174 in mineral oil 
at a concentration of 0.12 per cent copper-8-quinolino- 
late per gram of sawdust are effective as fungicidal 
agents. Figure 4 demonstrates the types of molds ob- 
tained in control plates and clearly shows the fungicidal 
action of the Cunilate preparations. 

A pilot plant scale test was made with emulsified 
Cunilate 2419. Eleven pounds of sawdust treated with 
1500 ml of diluted emulsified Cunilate 2419 and 16 
pounds of sawdust treated with 2200 ml diluted Cunilate 
2419 were shown to be fungicidal (figure 5 and table 6). 
No molds could be detected when 1 g of treated sawdust 


MOLD COUNT IN TRIPLICATE: AMOUNT OF SAMPLE, G PER DISH 


0.5 


0 
0 
TMt TM T™ 


was plated although an average of 1410 molds we; 
found per gram of untreated sawdust. 
SUMMARY 

The fungicidal properties of three chemicals 01 say- 
dust were explored. Milmer I, a powder form of coper- 
8-quinolinolate, a solubilized copper-8-quinolinolate. 
and dimethyldodecylamine were fungicidal. Milmer | 
was fungistatic at a concentration of 0.14 per cent and 
above this concentration was fungicidal. Sawdust 
treated with Milmer I had no detectable odor. Copper. 
8-quinolinolate solubilized under the trademark Cwi- 
late was fungicidal on sawdust in all forms tried «and in 
a variety of solvents at concentrations of 0.07 per cent 
and greater. Cunilate in isopropanol, minera! oil, 
xylene, and mineral spirits had an objectionable odo 
but the emulsified form of Cunilate had no detectabl 
odor. The emulsified form of Cunilate 2419 was fungi- 
cidal in a pilot plant scale test. Dimethyldodecy!amin 
was fungistatic at a concentration of 2.8 per cent. 

This work, on a means of prevention of mold con- 
tamination of packing house products, demonsirates 
an important step forward in the sanitarians’ effort to 
perfect a complete mold control. 
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M: ve than 60 years ago Boutroux (1886) first reported 
the f rmation of 5-ketogluconic acid by bacteria. Since 
that .me many workers have obtained this acid by bac- 
ermentations conducted in unagitated surface cul- 


Stubbs e¢ al. (1940) were the first to report the 


tera 
tures 
production of 5-ketogluconic acid by submerged fer- 
tion in drum fermentors and at superatmospheric 
re. They obtained this acid in high yields by 
ating glucose with Acetobacter suboxydans in the 
ce of calcium carbonate. Stubbs ef al. have also 
ved the previous literature on this subject. 

In the present study, shake flask fermentations were 
cted to determine the effect of several variables 
and antifoams on the production of 5-ketogluconic acid 
i Acetobacter suboxydans. The per cent yields of 5- 
ketogluconic acid were determined by the Militzer 
test (1944) and the recovery method was that of Stubbs 
etal. (1940). 

As it was desirable to identify the products formed 
during the course of fermentation, a paper chromato- 
graphic scheme for the identification of gluconic, 2-keto- 
guconic, 5-ketogluconic and tartaric acids was de- 
veloped. 
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MATERIALS AND METHODS 


The culture of Acetobacter suboxydans (NRRL B-72)! 
obtained from the culture collection of the Northern 
Regional Research Laboratory, United States Depart- 
ment of Agriculture, Peoria, Ill. produced consistently 
higher yields of 5-ketogluconie acid than the culture 
received from the American Type Culture Collection 
ATCC-621). The former culture was therefore used 
in all ‘he experiments reported. 

Sta 
salts : 
tion n 


y’s concentrated corn steep liquor, C.P. nutrient 
d dextrose (U.S.P.) were used in the fermenta- 
dium. All the antifoams except Staley’s soybean 
vil wore obtained from Fisher Scientific Company. 
Sarett was received from Vita-Zyme Labora- 
ne., Chicago, and Catalase-30 from Armour and 
iv, Chicago, Illinois. 


Catal; 
tories 


Comp 


Inoculum and Media 
lhe -ulture was grown on 5 per cent sorbitol and 
it yeast extract broth and stock cultures were 


‘Th culture was sent to us by Dr. F. H. Stodola. 
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carried on agar slants of the same medium. The inocu- 
lum was prepared by transferring a 48-hour culture 
from sorbitol broth toa medium containing 5 per cent 
glucose, one per cent yeast extract and 1.5 per cent 
calcium carbonate and incubating on a rotary shaker 
at 27 C and 120 rpm. After two consecutive transfers, 
each incubated for 48 hours, the culture was used as 
the inoculum. The inoculum was carried in shake flasks 
for months by subculturing and incubating every 48 
hours. When starting from stock culture to obtain an 
active inoculum the above sequence of transferring the 
culture was found essential for better yields of 5-keto- 
gluconic acid. The inoculum was used at the rate of 2 
per cent in the following fermentation medium: 
g/liter 

Corn steep liquor. . a8 

Anhydrous dextrose 100 

MgS0O,-7H.O 0.25 

KH.PO; 0.6 

NH,NO3.. 2.7 to 4.0 

CaCO; 28 

H,0 to make | liter. 


Before incorporating CaCO; the pH was adjusted to 
6.0. Fifty ml of the medium was placed in 250-ml 
Erlenmeyer flasks and was autoclaved at 15 pounds 
pressure for 30 minutes. Urea, 0.2 per cent, may be sub- 
stituted for NH4NOs if the calcium carbonate and ureé 
are added after being sterilized separately. 

Difco wort agar was used to determine the standard 
plate count of samples drawn at selected intervals 
during the course of fermentation. 


Experimental Procedure 


In all investigations, six 250-ml flasks each containing 
50 ml of the fermentation medium were regarded as a 
unit and incubated for 6 to 7 days on a rotary shaker. 
After this period, the pH was taken and gram smears 
from each flask were examined to determine any pos- 
sible contamination. The fine granular crystalline 
precipitate of calcium-5-ketogluconate was recovered 
(Stubbs et al., 1940) from the fermented liquor of each 
unit of six flasks and dried in the oven at 95 to 100 C. 
The fermented liquor was passed through a Sharples 
supercentrifuge, treated with 1.5 per cent Nuchar, 
mechanically agitated for 30 minutes and filtered. The 
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cell-free colorless filtrate was ion-exchanged, first with 
Amberlite IR-120, a strongly acidic cation exchanger, 
and then with Amberlite IR-45, a weakly basic anion 
exchanger. The ion-exchanged fluid containing free 
organic acids was analyzed chromatographically. 

Calcium-5-ketogluconate cannot be determined ac- 
curately by the Shaffer-Hartmann reagent in the pres- 
ence of glucose, a condition existing in the early stages 
of this fermentation. Therefore the Militzer (1944) test 
was employed for quantitative determination of 5-keto- 
gluconic acid at selected intervals during the course of 
a typical 7-day fermentation. Certain modifications in 
the Militzer test, as described below, were found neces- 
sary for its application. 

About 2.0 g oxalic acid dihydrate per flask was re- 
quired to remove completely the calcium from the 5- 
ketogluconate and residual calcium carbonate. After 
adding oxalic acid, the contents of the flask were agitated 
mechanically at 50 C for 10 minutes and filtered. The 
filtrate was neutralized to pH 7.0 with sodium bicarbon- 
ate, its volume was adjusted to 50, 100 or 250 ml, 
depending upon the concentration of 5-ketogluconate, 
and then it was subjected to the Militzer test (1944). 

Whether calcium-5-ketogluconate was determined by 
recovering the salt from the brews (recovery method) 
or by the Militzer test, the per cent of the theoretical 
yield of 5-ketogluconic acid was always calculated by 
the following formula: 


wt 5-ketogluconate 
wt glucose added 


2 X mol wt glucose 
mol wt 5-ketogluconate (471) 








xX 100 = per cent yield 


The yields of 5-ketogluconic acid presented in this 
paper represent the per cent of the theoretical yield of 
this acid. 

Paper Chromatography 

The cylindrical borosilicate glass chambers (height 

60 em, diameter 30 cm) were lined with filter paper 


TABLE 1. A typical shake flask fermentation of glucose to 
§-ketogluconic acid and its relationship to 
bacterial growth 
YIELD OF 5-KETOGLUCONIC ACID 
REDUCING 


SUBSTANCES 
(CLINITEST) 


NO, DAYS 


FERMENTED J & RACISTS 


Recovery 
method 


per cent 


Militzer test 
per cent 
Not de- 50 10.0 
tectable 
Not de- 
tectable 

19.9 20.1 2,300 0 

32. 31. 3,200 .75 

44. 2. 3,300 0 

64. — 

6.: 3,100 

84. — 

77.£ 2,750 


millions/ml 


1,430 5 


cylinders. Each of the chambers contained a stai) 
steel trough supported by a stainless steel stan: 
described by McFarren et al. (1951). 

When acid solvents (such as butanol-formic «. \(- 
water) were used, the test solutions were spotted oy, 
Whatman No. 1 filter paper; otherwise Schleicher | 4 
Schuell No. 589 White Ribbon was used. Becaus oj 
the dimensions of the chambers, the maximum \ ‘(|t}; 
of the paper was set at 22 cm and the length at 55 om 
Schleicher and Schuell filter paper was cut so ha; 
the long ‘axis ran parallel with the water marks. W \iat- 
man No. | filter paper was cut so that the solvent ‘Joy 
would be parallel with the long axis of the rectan: \il,) 
sheets. 

As the aqueous solutions of gluconic, 2-ketoglu: oni 
and 5-ketogluconic acids were very susceptible to : old 
growth, 1 per cent (W/V) standard solutions of ‘|hiese 
acids were prepared in 5 per cent isopropyl! ales hiol, 
The standard and the unknown solutions were applied 
in a 4-microliter quantity using a platinum loop «long 
a line 7.5 cm from one end of the paper strip and then 
were subjected to descending one-dimensional chroma- 
tography for 16 to 20 hours. 

The sheets were then dried and treated with the ap- 
propriate color reagent and R; values for gluconic, 
2-ketogluconic, 5-ketogluconic and tartaric acids were 
determined. 

With the solvent system ethyl acetate-pyridine the 
silver nitrate (0.15 M) was incorporated directly into 
the solvent and the color was developed as described by 
MceFarren et al. (1951). When ammoniacal silver nitrate 
was used in conjunction with other solvent systems the 
following procedure was used: The paper strips, upon 
removal from the chambers, were thoroughly air cried. 
To remove formic acid from the paper, the strip was 
dried in an oven at 100 C for 60 minutes. The sirips 
were then dipped in the solvent rich phase of the ethy! 
acetate-pyridine system (containing silver nitrate, ().15 
M), dried, exposed to ammonia vapors by placing the 
strips in an ammonia chamber (McFarren et al., 1951), 
and heated for 20 minutes at 80 C. 


RESULTS 


In a typical fermentation of a 10 per cent glucose 
medium practically all of the sugar was oxidized to 
gluconic acid within 36 to 40 hours, but the gluconate 
was converted slowly to insoluble calcium-5- xeto- 
gluconate which reached its highest production i: 6 to 
7 days (table 1). Longer incubations decrease: thi 
yields slightly. The bacterial count increased and ~uga' 
content (determined by Clinitest tablets) decr:ased 
mostly during the first 2 days of fermentation. Thi 
determination of yields by the recovery metho was 
slightly lower than those determined by the M_ itze! 
test, possibly because of the slight solubility of cal: :un- 
5-ketogluconate. 
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ABLE 2. Reduction of cold Benedict’s solution 


by 5 ketoqluconate 


; f t 
LUCONATE CALCULATED TIME OF REDUCTION 
AS CALCIUM SALT 


g/100 ml min Sec 
0.5 No reduction in 24 hrs 
0 39 0 
.20 28 20 
a) 22 0 
40 19 20 
.O 16 0 
25 13 30 
50 11 30 
75 Q 
0 8 50 


5 ‘ 15 


wn bd b& bw 


w 





12 6 20 24 
REDUCTION TIME IN MINUTES 


Fig. 1. Reduction time-concentration curve for caleium-5- 
togluconate. 


termination of 5-Ketogluconate by the Militzer Test 


The reduction time for solutions containing known 
juantities of 5-ketogluconate was determined by the 
lilitizer test (table 2). Plotting reduction time against 
oncentration of 5-ketogluconate, a standard curve was 
tained (figure 1). From this curve the concentration 

5j-ketogluconate in an unknown sample was de- 
emined by interpolation. 


cualuation of Variables by Shake Flask Fermentation 
In the early part of this investigation it was observed 
hat a very nutritive medium allowing heavy growth of 
dans produced but low yields of 5-ketogluconic 

reas the medium containing 10 per cent glucose 

per cent corn steep liquor (Stubbs e¢ al., 1940) 
sistently lower yields than the fermentation 
mentioned previously. Increased concentra- 

orn steep liquor, namely, 1.0, 1.5, 2.0, and 3.0 

in the fermentation medium did increase the 

’ bacteria but decreased the yields and im- 

e quality of calcium-5-ketogluconate. Also 

s the pc» cent inoculum was increased above 2 (4, 6, 8, 


TABLE 3. Effect of varying per cent concentrations of NH «NOs, 
cerelose, and KH2PO, in the fermentation medium on the 
per cent yields of 5-ketogluconic acid* 

NH«NOs CERELOSE KH2PO, 


Per cent Yield Per cent Yield Per cent 


0.27f 76.4 11.57 76.5 0.06+ 
0.40 76.0 10.0 4.2 0.16 
0.53 74.2 13.0 : 0.26 
0.66 71.5 14.5 ir 0.36 


* Six-day fermentation. 
t Control. 


and 10 per cent) there was a gradual decrease in the 
yields of the acid. 

In five experiments the yields obtained from 10 per 
cent glucose medium were compared with the yields 
from 11 per cent cerelose (commercial dextrose) 
medium. On the average, 90 g of anhydrous glucose 
produced just as much 5-ketogluconic acid as 100 g 
of cerelose. 

The effect of varying concentrations of different 
ingredients of the fermentation medium was evaluated 
in order to establish their optimum concentration. 

From table 3 it is evident that the concentrations 
of the ingredients adopted for the routine fermentation 
medium (control) are the best. Increasing concentra- 
tions of any of the ingredients slightly decreased the 
yield of 5-ketogluconie acid. 

When 0.2 per cent urea, sterilized separately, was 
substituted for 0.27 per cent NH,NOs, hardly any 
change in the yields of 5-ketogluconic acid was ob- 
served. The yields obtained by autoclaving urea or 
NH,4NO; and CaCO; with the medium were compared 
with those of the controls in which these ingredients 
were sterilized separately (table 4). No significant 
change in yields was observed whether NH,NO; and/ 
or CaCO; were sterilized with the medium or separately. 
However, the yields were always affected adversely 
when urea and/or CaCO; were sterilized with the 
medium. The use of (NH4)2SO,4 (Koepsell et al., 1952 
instead of NH4NO; was avoided lest insoluble calcium 
sulfate might be formed and thus contaminate the 
calcium-5-ketogluconate. 


TABLE 4. Differences in the yields of 5-ketogluconic acid when 
urea or NH,yNO; and CaCO; were sterilized with the 
or separately 


medium 


INGREDIENTS STERILIZED ypc ion ( i Ms 
NO. DAYS = . 
ledeeec rats PER CENT YIELDS 

PERMITE neha 


With the medium Separately TO CONTROLS 


Urea + CaCO; 

Urea CaCO; 
CaCO; Urea 
NH,NO; + CaCO; 

NH,NO; CaCO; 
CaCO, NH,NO; 
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TaBLeE 5. Effect of antifoams on the yields of 5-ketogluconic acid 


DIFFERENCE 


ER CEN =LDS IN 6 DAY 
PER CENT YIELDS IN 0 DAYS IN YIELDS 


ANTIFOAMS ‘ 
Control 
(without 


Antifoam (Increase (+) 
antifoam) ) 


added Decrease ( 


. Soybean oil ar | Ws 
Soybean oil containing 5 o%) 
octadecanol. .. 


. Lard oil 
Lard oil containing 5 % 
octadecanol 


. Light mineral oil. . 
Light mineral oil contain- 
ing 5 % octadecanol 


4. Ethyl aleohol* 
Ethyl aleohol containing 
3 % octadecanol.... 


. Oleic acid 


5. Corn oil 
Corn oil added before 
sterilizing. . rua 2.8 74. +1.! 
* No. 4 was Seitz filtered and added at the rate of 1 per cent 
to the medium. 


Varying concentrations of vanadium pentoxide 
(KKamlet, 1943) were added to the fermentation medium 
before sterilization with the hope of expediting the 
pace of fermentation. Concentrations up to 20 ppm 
of vanadium pentoxide did not change either the speed 
of fermentation or the yield of 5-ketogluconic acid but 
60 ppm decreased the yields very significantly. 

When more than 12 per cent glucose is used in the 
medium, the intermediate product calcium gluconate 
separates out as a “mushy” precipitate and escapes 
further oxidation by the organism (Stubbs et al., 1940). 
Borate, which helps to solubilize calcium gluconate, 
was therefore incorporated in different concentrations 
in the medium but it decreased the yields of 5-keto- 
gluconic acid by about 45 per cent even when used at 
levels of 0.1 to 0.2 per cent. 

Mikhlin and Golysheva (1952) report that A. sub- 
oxydans lacks catalase and its growth is retarded by 
intense quantities of hydrogen peroxide formed during 
the oxidation of sorbitol to sorbose. By adding catalase 
to the nutrient medium they increased the growth and 
the rate of oxidation of sorbitol to sorbose. Catalase 
Sarett and Armour Catalase-30, when incorporated in 
the fermentation medium in different concentrations, 
neither increased the growth of bacteria nor the rate 
of oxidation of glucose. In fact, the yield of 5-keto- 
gluconic acid obtained from catalase-containing flasks 
was rather low. 


The Effect of Various Antifoams 


The purpose of this investigation was not to evalu 
the foam inhibiting power of an antifoam but to ey 
ate its effect on the yields of 5-ketogluconic acid. O 
decanol, when included to the extent of 5 per cent 
proximately saturated solution) in lard, minera| 
soybean oil reduced the yields of 5-ketogluconic 
consistently, but lard, mineral or corn oil alone 
oleic acid did not affect the yields significantly (1 
5). According to Stubbs et al. (1940), ethyl alcohol 
duced higher plate counts of A. suboxydans whe: 
corporated into a nutrient agar. However, when 
alcohol was used in this fermentation, the yield 
5-ketogluconic acid were reduced considerably. 

Unless otherwise stated all the antifoams 
sterilized separately and incorporated in the 
claved medium at the rate of 1 drop (equivalent to 0.15 
to 0.2 per cent) per flask. 


Purification and Identification of 
Calcium-5-K etogluconate 


Calcium-5-ketogluconate obtained by fermentation 
was dissolved in a minimum quantity of 3 N hydro- 
chlorie acid by constant agitation at 50 C and filtered. 
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Fig. 2. Photocopy of a one-dimensional paper chro \t 
gram showing the separation of the following: A, gluco 
gluconic acid; C, 5-ketogluconie acid; and D, mixture 
three. Solvent system: Solvent-rich layer of ethyl ac 
pyridine: water (2.5:1.0:3.5). Color reagent: 
ver nitrate. 
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PRODUCTION OF 5-KETOGLUCONIC ACID 


Ve itralizing the filtrate to pH 6.9 with 3 x ammonium 
hy roxide, the salt was reprecipitated, washed thor- 
oughly with chilled water and freeze dried. About 10 
to 2 per cent calcium-5-ketogluconate was lost during 
thi process and the product obtained was identified 
chr matographically and found to be of fairly high 
pul ty. For further purification the salt was recrystal- 
liz 1 from water thrice and freeze dried. The average 
‘al ium content of this chromatographically pure 
san ple was 8.48 per cent and the calculated mol wt 
1725 which is in close agreement with the formula 
(‘a CgeHyO,)2:2'4 HO (mol wt 471). 


Chiomatography of the Clarified Fermentation Liquor 


‘ihe ion-exchanged fluids containing free organic 
ack’ s Were analyzed chromatographically by the tech- 
nique described previously. 

I: a solution containing gluconie acid, 5-keto- 
guconie acid, and glucose, separation of these three 
compounds (figure 2) was obtained using the solvent 
system ethyl acetate-pyridine (McFarren et al., 1951). 
\ solution containing glucose, gluconic acid, tartaric 
acid and 5-ketogluconic acid (figure 3) was separated 
using the solvent system butanol-pyridine (Jeanes et 
al., 1951). Added confirmation that tartaric acid (figure 





Fi. 3. Photocopy of a one-dimensional paper chromato- 

} gram howing the separation of the following: A, tartaric acid; 

PB, gl conie acid; C, 5-ketogluconie acid; D, glucose; and EF, 

mixtue of the four compounds. Solvent system: Solvent-rich 

laver of butanol: pyridine:water (3.0:2.0:1.5). Color reagent: 
{mm niacal silver nitrate. 
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Fig. 4. Photocopy of a one-dimensional paper chromato- 
gram showing separation of tartaric acid. A, gluconic acid; 
B, tartaric acid; C, 2-ketogluconie acid; D, 5-ketogluconic 
acid; and E, mixture of the four acids. Solvent system: Solvent- 
rich layer of butanol:formic acid: water (4.2:1.6:4.2). Color 
reagent: Bromphenol blue (acids appear as yellow spots against 
a blue background). 


TaBLe 6. Rf values of various organic acids and glucose 
in different solvent systems at 22 C 
ETHYL ns n- n- s-AMYL 
ACETATE | BUTANOL- | BUTANOL- pBuUTANOL- ALCOHOL 
PYRIDINE ETHANOL* PYRIDINE FORMIC are 
Tartaric acid .21 0.41 0.08 0.28 0.43 
Gluconie acid .24 0.14 0.15 0.08 0.31 
5-Ketogluconic .29 0.16 0.18 0.16 0.37 
acid 
2-Ketogluconic 0.29 0.17 0.17 0.09 0.30 
acid 
Glucose 0.39 0.16 0.37 0.07 0.30 


* Kent et al. (1951). 


4) was present was obtained by running the mixture 
in the solvent system n-butanol-formic acid (Lugg and 
Overell, 1948). 

As no clear cut separation of gluconic, 2-ketogluconic 
and 5-ketogluconic acids was obtained in any one system 
used (table 6), color reagents were employed to detect 
the individual acids (table 7). Gluconic acid was sepa- 
rated from 2- and 5-ketogluconic acids by use of ethyl 
acetate-pyridine as a selective solvent system. p-Anisi- 
dine hydrogen chloride (Hough et al., 1950) was used 
to distinguish 2- from 5-ketogluconic acid. The reagent 
produced a red color with 2-ketogluconic acid and no 
color with 5-ketogluconic acid in ultraviolet light. Also, 
semicarbazide hydrogen chloride plus sodium acetate 
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TABLE 7. The color formation by glucose and organic acids with 
various reagents 


SEMICAR- 
ONI- 
BROM- | ANILINE ao eh. | 
ste € seu) P-ANISI- : ACAL 
PHENOL |HYDROGEN 51. HCIt HCl + SILVER 
BLUE* | OXALATE | SODIUM || ITRATE 
ACETATE) ~ ; 


Tartaric acid 
Gluconic acid 


Yellow | None None None 
Yellow | None None None 


Brown 
Brown- 
black 
5-Ketogluconic acid Yellow | Yellow None Blue Brown 
2-Ketogluconic acid Yellow | Red Red None 
Glucose None Reddish | Yellow Yellow 
brown 


Brown 
Brown 


* Koepsell et al. (1952) 
+ Colors observed in ultraviolet light. 





Fig. 5. Photocopy of a one-dimensional paper chromato- 
gram of a regular 6-day fermentation of glucose by A. sub- 
oxydans. A, glucose standard; B, tartaric acid standard; C, 
gluconiec acid standard; D, 5-ketogluconic standard; E, the 
clarified fermented liquor. Solvent system: Solvent-rich layer 
of ethyl acetate: Pyridine:water (2.5:1.0:3.5). Color reagent: 
Ammoniacal silver nitrate. 


(Magasanik and Umbarger, 1950) gave a blue color 
with 5-ketogluconic acid in ultraviolet light and no 
color with 2-ketogluconic acid. When further confirma- 
tion was needed, a chromatographic development in 


the solvent system n-butanol-formic acid (Lugg 
Overell, 1948) or t-amyl alcohol-formic acid-w: | ¢ 
(3.0:1.0:3.0) (Hanes and Isherwood, 1949) achie 
the separation of 2-ketogluconic and gluconie acid 
one spot from that of 5-ketogluconic acid. The © jo) 
reagent aniline hydrogen oxalate (Hough et al., 1' 50) 
was then used, because it gave a yellow color wit, 5 
ketogluconic acid, red with 2-ketogluconic acid, (nq 
no color with gluconic acid. 

The fermentation liquor of a regular 6-day ferm: \t, 
tion of glucose by Acetobacter suboxydans, after | 
charcoal-treated and ion-exchanged, was chr 
tographed (figure 5) and showed the presence ot 
conic, 5-ketogluconic and tartaric acids. 


DIscUSSION 

The final yields of 5-ketogluconic acid by sia 
flask fermentation compared closely with those ol) 
tained by submerged fermentation in drum ferme iitors 
at superatmospheric pressure (Stubbs ef al., 1940) bu 
the rate of conversion of glucose to gluconic and 5-keto- 
gluconic acids was rather slow. However, the yields o/ 
5-ketogluconic acid were much higher than those ob- 
tained by Sumiki and Hatsuda (1949) from a sirai) 
of acetic acid bacteria similar to A. suboxydans. 

Enriching the fermentation medium by increasing 
the concentration of corn steep liquor and KII.P0 
increased the proliferation of bacteria, but at the sam 
time decreased the yields of 5-ketogluconice acid. Th: 
highest yields of this acid were obtained by using as 
little as 0.2 to 0.3 per cent corn steep liquor with i 
organic salts and 10 to 12 per cent glucose. 

Bernhauer and Knobloch (1940) reported the forma 
tion of 2- and 5-ketogluconic acid by A. suboxydans 
In the present study 2-ketogluconic acid was neve 
found by chromatographic analysis, however, sma 
quantities of tartaric acid (Kamlet, 1943) were present 
in the fermented liquor of a 6-day fermentation. }'od: 
and Vaughn (1953) identified the formation of gluconi 
and 5-ketogluconic acids, but found no tartaric acid 
when maltose was fermented with Acetobacter mc/anv- 
genum. 

Stubbs et al. (1940, 1943) employed octadecat! as 
an antifoam of choice for the production of 5-\cto 
gluconic acid. Octadecanol dissolved in lard, miner 
or soybean oil always reduced the yields of this aci( 
in the shake flask fermentation although lard, mi ier 
or corn oil alone were found innocuous. 

Borate, at a level of 0.2 per cent, did not sec n | 
affect. the growth of bacteria or the producti. 
gluconic acid but it reduced the yields of 5-ketoglu ‘on 
acid by 45 per cent. The effect may be due partly ¢ » tli 
fact that A. suborydans attacks hydroxyl groups \ hic! 
bear a cis relation (Bertrand’s rule), whereas 
combines preferentially with these groups. 

The Russian workers Mikhlin and Golysheva | 
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reported that the enzyme catalase accelerated the 
conversion of sorbitol to sorbose by decomposing large 
quantities of hydrogen peroxide formed by the organ- 
ism: during the fermentation. However, in the produc- 
ticn of 5-ketogluconic acid from glucose it was found 
thit catalase neither increased the rate of conversion 
of glucose to 5-ketogluconic acid nor the growth of 
ba teria. 

Che Militzer test (1944) was preferred over the 
Shaffer-Hartmann reagent for the determination of 
j-L.etogluconate because of the presence of small 
quantities of residual glucose in the fermented liquor. 
Wien the concentration of 5-ketogluconate was ad- 
juvted to 1 to 3 per cent the Militzer test was found 

ite accurate. However, the yields of 5-ketogluconate 
obiained by the Militzer test were always slightly 
higher than those obtained by the recovery of the 
calcium salt from the brew, because the former de- 
termined both the soluble and insoluble calcium-5- 
ketogluconate, whereas the latter recovered only the 
insoluble salt. 

Beside the uses of 5-ketogluconic acid reviewed by 
Stubbs et al. (1940) this acid has been employed for the 
production of p-tartaric acid, though in small yields, by 
Pseudomonas fluorescens (Lockwood and Nelson, 1951). 
Gray (1947) obtained two patents for the production 
of 2-keto-L-gulonic acid, an intermediate of vitamin C, 
from 5-ketogluconate and recently, a similar type of 
work has been reported by Yamazaki and 
1953) and Yamazaki (1953a, b, and ¢). 


Tahei 


SUMMARY 


The production of 5-ketogluconic acid by shake 
flask fermentation of glucose with Acetobacter sub- 
orydans has been discussed. Yields as high as 84.8 
per cent of theoretical yield of this acid were obtained 
in a typical 7-day fermentation. 

Varying concentrations of catalase, vanadium pent- 
toxide and borate neither increased the yields of 5- 
ketogluconic acid nor the rate of fermentation of 
glucose. 

Ammonium nitrate and calcium carbonate, whether 
sterilized separately or with the medium, produced just 
as much 5-ketogluconate as urea and calcium carbonate 
when autoclaved and added separately to the medium. 

licreasing concentrations of corn steep liquor and 
KH.PO, in the medium increased the proliferation of 
bacteria but decreased the yields of 5-ketogluconic 
acid. The highest yields of this acid were obtained with 
as liitle as 0.3 per cent corn steep liquor in the medium. 

Seturated solutions of the antifoam octadecanol in 
lard, mineral or soybean oil, when incorporated at the 
rate of 0.15 per cent in the medium, depressed the 
yields of 5-ketogluconie acid significantly; whereas 
lard. mineral or corn oil each was found to be innocuous. 

Tie Militzer test was adapted successfully for a 


quick and accurate determination of 5-ketogluconic 
acid in the fermented medium. A standard curve 
representing Benedict’s solution reduction time and 
5-ketogluconate concentration has been presented. 

Chromatographic procedures for the separation of 
glucose and gluconic, 2-ketogluconic, 5-ketogluconic and 
tartaric acids in solution have been described. Glu- 
conic, 5-ketogluconic and tartaric acids were identified 
as the products of glucose fermentation by Aceto- 
bacter suboxydans. However, no 2-ketogluconie acid 
was detected. 
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The need for equipment to facilitate the transition 
of submerged fermentations from shaker flasks to 
plant scale fermentors has long been recognized. Re- 
cently several papers (Bartholomew et al., 1950; Brown 
and Peterson, 1950; Fortune et al., 1950; Lumb and 
Fawcett, 1951; Humfeld, 1947; Rivett et al., 1950; 
and Saeman, 1947) have described equipment for this 
purpose. The fermentors consist of either large Pyrex 
jars, or stainless steel containers, equipped with metal 
covers and devices for securing them. The accessories, 
such as agitators, aerators, air outlets, sampling cocks, 
and baffles are fitted to the cover. The assembly is 
placed in a constant-temperature water bath. In gen- 
eral, the fermentors have been used successfully, but 
not without such limitations as breakage and difficulties 
in handling, excessive sterilization times due to the 
poor heat conductivity of glass, sterilization of medium 
without agitation, and lack of temperature control of 
the individual fermentors. 

In the Bureau of Agricultural and Industrial Chem- 
istry, pan and rotary drum fermentors were used in 
early investigations on the production of organic 
acids by fermentation. These units were valuable in 
experimental work, but it was found difficult to trans- 
late a process directly from them to the present day 
deep-tank fermentors. Consequently, a 20-liter stainless 
steel fermentor for semi-pilot plant experimentation, 
which is similar to industrial installations and permits 

1 One of the branches of the Agricultural Research Service 
U.S. Department of Agriculture. 


adequate variation and control of fermentation con- 
ditions such as temperature, agitation, aeration, and 
sterilization was designed at the Northern Utilization 
Research Branch. 

A number of these 20-liter fermentors have been in 
continuous use since 1947. Data obtained from them, 
particularly with regard to aeration, agitation, foam 
control, culture medium, temperature and time oi 
incubation, have been utilized in designing large-scale 
experiments. The 20-liter fermentors have also o/ter 
been used to produce sufficient quantities of fermented 
liquors for isolation, characterization, and toxicological 
tests of new compounds. 

The present report describes in detail the 20-\ite1 
stainless steel fermentor and accessories, its operatioli 
and some experimental results obtained. A comparso! 
of data obtained from a battery of these ferme: (ors 
and others having a greater capacity is made for t|iree 
typical fermentations. 


DESCRIPTION OF FERMENTOR 


A general view of 12 stainless steel fermentors a‘ thi 
Northern Utilization Research Branch is show: 1! 
figure 1. A line drawing of a fermentor, the access« “ies, 
and the various connections is given in figure 2. 

The fermentor is a cylindrical, one-half jacket s\ un- 
less steel vessel with a dish-shaped bottom and rou: ‘e« 
corners 8*4 inches in diameter and 20 inches ! \g 
having a total capacity of 20 liters. The vessel is { ted 
with a stainless steel cover, agitator, aeration de ice, 
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foam control, inoculation and view ports, thermom- deterioration. The asbestos gaskets are least satisfac- 
well, and a combination sample and drain cock. tory. 
| metal parts are made of 316 stainless steel having a 


The cover is drilled with three ?x-inch holes for the 
oth No. 4 finish. Wing nuts and lugs, which are 


air outlet, inoculum inlet, and antifoam inlet, and a 
11) ,-inch hole for the electrode of the antifoam system. 
There are two 2!4-inch ports equipped with Pyrex 


ned to the side of the vessel, each on a pivot, are 
| to secure the cover. When the lid is removed, the 
s tip out of the way to facilitate cleaning of the 


sight glasses. A metal cylinder containing a light source 
ientor. Airtight seals between cover and fermentor 


is placed over one of the ports to furnish illumination, 
and the second port is used to view the contents of the 
fermentor. A !9-inch packing gland is located in the 
center of cover for the agitator shaft. A plaited, square, 
graphite impregnated asbestos cord is used as the 
packing material and makes a satisfactory seal. Re- 


made with cork, lead, asbestos, rubber, or asbestos- 
i) foreed rubber gaskets. Gaskets containing rubber 
» preferred at this Laboratory and have been used 
inuously for 12 to 18 months without appreciable 


cently, a molded, wedge-shaped, split ring packing, 
also made of graphite impregnated asbestos, has been 
found to make excellent seals with less maintenance. 
The agitator shown in figure 3 consists of a hub 1! 
inches in diameter and six blades 1! by 1!9 inches 
secured to the hub with set screws making the diameter 
of the agitator 5!4 inches. It is possible to pitch the 
blades at any angle to give the desired agitation. The 
propellor is mounted !4 inch above the sparger to a !9- 
inch shaft which is driven by a Reeves” variable speed 


* The use of names of commercial products or firms in this 
paper is not to be construed as an endorsement by the au 
thors over similar products. Products used in this work are 
from the following firms: Reeves Pulley Company, Chicago, 
Il.; Manheim Manufacturing and Belting Company, Manheim, 
Pa.; and The Carborundum Company, Niagara Falls, N. Y. 
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Fig. 2. An operating diagram of the 20-liter fermentors 
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Fig. 3. Variable-pitch propeller 


drive through a range of 50 to 350 rpm. Changes in the 
speed of individual agitators are possible by varying 
the size of pulleys on either the drive or agitator shaft. 
The use of Veelos Belting,” “B” section, facilitates the 
necessary changes in the length of belts when odd 
sized pulleys are used. Other types of drives, such as 
chain or direct drives, are less satisfactory. 

The inoculating port consists of a short nipple, a 

ralve, and a tapered fitting with a screw cap to cover 
the tapered portion. A small hole in the side of the cap 
near the threads permits passage of steam and conden- 
sate during sterilization. 

The fermentor is equipped with a foam control 
system consisting of an electrode; electrical timer, the 
function of which is described later; a needle valve, C; 
a solenoid valve; and antifoam reservoir as shown in 
figure 2. The electrode, which is shown in figure 4 
along with the antifoam system wiring diagram, is an 
automotive spark plug having a 3-inch prong inserted 
through the cover to make contact with the foam. In 
the development of the electrode two types of insula- 
tion material, namely porcelain and hard rubber, and 
various designs were tried. The porcelain insulation 
proved to be more durable and to have less tendency to 
foul than hard rubber. Spark plugs with elongated 
prongs have been most successful. 

Air is dispersed in the culture medium through an 
Aloxite stone? (Number 1 porosity) shown in figure 5. 
A threaded 14-inch stainless steel pipe welded to a 
flat disc of stainless steel 27¢ inches in diameter forms 
the core of the sparger. Ten 59-inch holes in the pipe 
permit the passage of air from the core through the 
Aloxite stone. The assembly is screwed into a port 
13 inches from the bottom of the fermentor. After 
each fermentation the sparger is taken apart for clean- 
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Fic. 4. Electrode and wiring diagram for antifoam system 
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yressure of 90 psig and is reduced to 30 psig. It is 
humidified, reduced to 15 psig, and then sterilized. 
iidification is accomplished by passing the air 
ugh a standard 40-gallon hot water tank containing 
‘oximately 30 gallons of water and about 12 inches 
ainless steel shavings to disperse the incoming air. 
system does not deliver saturated air to the fermen- 

‘but the partial humidification curtails undesirable 
evaporation of water from the fermentor. For steriliza- 
tio. , the air is passed through a filter consisting of a 

‘.eted 2-inch iron pipe 30 inches long which is packed 
wit 10- to 24-mesh activated carbon. The carbon is 
hel: in place by a perforated metal disc welded to the 
pips and covered with 4 inches of glass wool. Finally 
the air is passed through the Aloxite stone into the cul- 
tur medium. The rate of air flow is regulated by either 
valve A on the air outlet or valve B before the sparger 
figure 2). 

The temperature of each fermentor is controlled 
individually by a thermoregulator in the discharge line 
of the water jacket. Hot water is allowed to trickle con- 
tinuously into the jacket. Cold water is admitted 
through a solenoid valve as required to control the 
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I 6a. The fermentor electrode and assembly used to 
follo.’ continuously the pH during a fermentation. 


temperature. A temperature range of approximately 
16 to 60 C is possible and fulfills all of our require- 
ments. 

A system has been developed whereby the pH of the 
medium may be followed easily and adjusted manually 
during fermentation. The accessories required are 
shown in figure 6. The electrode system (6a) consists of 
a long stainless steel flanged tube fitted with calomel 
and glass electrodes mounted in a rubber stopper and 
held in position by a long brass rod. The electrode leads 
extend through the tube to a portable pH meter. The 
electrodes are sterilized by suspending them in 70 
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Fic. 6b. The alkali reservoir used in connection with the 
fermentor electrode for the manual control of pH during a 
fermentation. 
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per cent alcohol. After sterilization of the fermentor and 
its contents, the rear view port glass is removed and the 
sterile electrode assembly is fastened in its place. 
During this operation, air is allowed to flow through the 
fermentor to maintain a slight positive pressure and 
thereby lessen the danger of contamination. The asym- 
metry potential of the electrodes is corrected by draw- 
ing out a sample of the medium and ascertaining its pH 
with another meter. Proper adjustments to compensate 
for the electrodes in the fermentors can then be made. 

The assembly for the addition of liquid chemicals, 
such as NaOH, is shown in figure 6b. It consists of a 
sight glass secured to the inoculation port, a needle 
valve, a reservoir made from a 2-inch iron pipe, a 
glass float with a calibrated stem (1-ml pipette), and 
a flat plate to cover the reservoir. The rate of addition 
of the alkali is determined visually through the sight 
glass while the total amounts added are read from the 
graduated stem of the float. The flow may easily be 
controlled with the needle valve. The value of the ac- 
cessories for determining pH during the fermentation 
is emphasized later in the discussion of the production 
of the enzyme, dextransucrase. 

The port in the bottom of the fermentor is used to 
drain the fermentor, to admit steam during the steriliza- 
tion step, and to draw samples of the fermenting 
medium. A steam seal below the drain valve prevents 
contamination of the fittings, thus permitting the 
sampling to be done under aseptic conditions. 


OPERATION OF FERMENTOR 


Aerobic fermentations have been made in the fer- 
mentors described above for the production of anti- 
biotics, vitamins, enzymes, and acids. The operation 
of the fermentors in all cases is essentially the same. 

A volume of water equal to five-sixths of the amount 
desired in the final sterilized medium is introduced 
into the clean fermentor. After the constituents of the 
medium are added, they are thoroughly mixed by 
means of the agitator. Steam is turned into the jacket 
of the fermentor. The temperature of the medium is 
raised to 100 C in about 5 to 7 minutes. Then steam 
at 15 psig is injected directly into the medium through 
the air sparger and through the drain to raise the 
temperature to 121 C in 5 minutes. The agitator is 
allowed to run throughout the sterilization. The in- 
crease in the volume of the medium due to the con- 
densation of steam can be controlled by the manipula- 
tion of steam in the jacket and in the medium. For 
example, if the volume appears to be low, the steam to 
the jacket is closed resulting in greater condensation 
and vice versa. 

During the sterilization of the medium, the air lines, 
air filter, air filter jacket, inoculation and sampling 
cocks, and antifoam system are sterilized with steam 
at 15 psig. The entire system is steamed as a unit to 


prevent the formation of pockets or dead ends w) 
may not otherwise be sterilized. 

After the usual 30 minutes at 121 C, the stea: 
turned off and the pressure on the system is mainta) \o 
at all times with sterile air to prevent contamina. () 
through the packing gland and valves which may {0 
be seated perfectly. Cold water in the jacket is use: 4, 
cool the medium to fermentation temperature 
approximately 10 to 12 minutes. 

Recently an alternate method of sterilizing {1 
fermentation medium has been developed which. i: 
volves higher temperatures and pressures, but es. 
time. The constituents of the medium are mixe 
water equal to one-fifth to two-fifths of the final voliuny 
desired. Steam of 35 psig is injected directly into th 
medium through the air sparger and drain to raise thy 
temperature to 135 C in about 3 minutes. Steam in th 
jacket of the fermentor is optional but is generally 
used to force the water out of the jacket and is tu:ned 
off after the temperature of the medium reaches 1335 ( 
The time of sterilization is varied from 5 to 15 minutes 
depending on the types of medium to be sterilized. Thi 
medium is cooled as previously described in about 4 
minutes. 

After the temperature of the medium is adjusied, 
the inoculum and occasionally other materials, whic! 
through necessity are sterilized separately, are added 
Sterile water is also added to bring the medium to th 
desired volume which is indicated by a small colla 
on the agitator shaft. The contents are thoroughly 
mixed and samples for initial analyses are withdraw. 

As mentioned previously, air flows may be controlled 
by valves on the air inlet or on the fermentor outlet 
This provides the alternatives of running the fermen- 
tation at either atmospheric pressure or increased pres- 
sures as high as 30 psig. In general, a pressure 
psig is initially employed in studies of new fermenta- 
tions, and therefore the air flow is regulated at the ai 
outlet. The amount of aeration is ascertained by me: 
uring the air leaving the fermentor with a flowmet: 

After the aeration of the fermentor has been 
justed and the antifoam agent, which is steriliz 
an autoclave, is transferred aseptically to the st 
reservoir, the antifoam system is turned on by mos 
switch A, a double pole single throw switch, show 
the wiring diagram of figure 4. Foam, when it oc 
will rise until it makes contact with the elect 
which activates the solenoid valve controlling th« 
dition of agent. In our system, however, an int 
timer further regulates the time of addition t 
interval of 3 seconds in a 3-minute period. During 
short interval, approximately 5 ml of agent cai 
added, unless otherwise throttled by the needle \ 

C, figure 2. The arrangement is adequate to co! 
all types of foaming we have thus far encount« ed 


The time clock may be bypassed by turning switc! }, 
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igle pole double throw switch, to the position of the 

cen line and the system is converted to one which 

s agent as long as the foam makes contact with the 

» trode. If desired, the electrode may then be by- 

sed by turning switch C, a single pole double throw 

ch, to its alternate position which permits one to 
the agents manually. Switch D controls a light 

‘ce used to view the contents of the fermentor. 

TypicaL FERMENTATIONS 

Jextransucrase. The culture conditions for the rapid 

oration by Leuconostoc mesenteroides NRRL B-512 

lextransucrase, an enzyme used for the production 

he blood plasma extender, dextran, have been re- 
ed by investigators of the Northern Branch 

‘uchiya et al., 1952). Some of these data were ob- 

ied from fermentations conducted in the 20-liter 

nless steel fermentors. Subsequently, numerous 

s were made in a 300-gallon fermentor, which is 

uipped with a continuous pH controller. 

‘he adjustment of the medium between pH 6.5 to 

during the fermentation was found to be a factor 

itically affecting enzyme yield. Maximum enzyme 

tivity was obtained in 8 hours in cases where the re- 
action was controlled at pH 6.7. Dextransucrase is rela- 
tively unstable at this pH but it is possible to stabilize 
the enzyme solution by lowering the pH to 5.0 to 5.2 
at the time of maximum yield. The manipulation in the 
20-liter fermentors was accomplished with a minimum 
of effort by the adaptation of the accessories shown in 
figures 6a and 6b. 

The inoculum for this fermentation is developed by 
transferring the cells of L. mesenteroides NRRL B-512 
from an agar slant to liquid cultures containing, per 
liter: Sucrose, 20 g; corn steep solids, 20 g; KH»PO,, 
20 g; and R salts,’ 5 ml. The medium is adjusted to 
a pH of 7.4 and sterilized for 15 minutes at 121 C. The 
cultures are transferred after 24 hours of agitation on 
a reciprocal shaker at 25 C from 100 ml of medium in 
a 500-ml Erlenmeyer flask to 500 ml in a Fernbach 
flask, and finally to 10 liters in an aerated carboy. A 
volume equal to 2 per cent of the fermentation mash is 
used to inoculate both the 20-liter and the 300-gallon 
fermentors. 

‘he medium used in the plant fermentors is the same 
as the one given above with the exception that the 
KI!,PO, concentration is reduced to 0.1 per cent. 
Ba ch sterilization is employed with the 20-liter fer- 

tors whereas continuous sterilization at 135 C for 
iinutes is used for the 300-gallon fermentor. All 
ientors were aerated at the rate of 0.1 volume of 
er volume of medium per minute and were agitated 
ie rate of 100 rpm. 

ible 1 gives data from the dextransucrase fermenta- 
i salts include MgSO,-7H.O, 10 g; NaF, 0.5 g; FeSO,- 
0.5 g; and MnSO,-7H.0, 0.5 g per 250 ml distilled water. 


TABLE 1. Dertransucrase fermentations 
VOLUME FERMENTED 


150 


10 Liters Gallons 


AGE OF FERMENTATION 
pH 
6.1 64 6.7 7 6.7 


units/ml units/ml units/ml units/ml units/ml 


6.9 41.8 4.4 Ke 1.3 
26.0 17.0 11.0 9.0 1.5 
0 14.0 $4.0 38.0 18.0 
0 44.0 54.0 $2.0 10.0 
0 37.0 14.0 35.0 14.0 


tion when the pH of 10 liters of medium is varied in the 
20-liter fermentor and, also, data obtained from 150 
gallons of medium in the 300-gallon fermentor. 

Calcium 2-ketogluconate. The calcium salt of 2-keto- 
gluconic acid may be converted in good yield to d-arabo- 
ascorbic acid (isovitamin C) which has been suggested 
as an antioxidant in foods and other products and as 
a developing agent in photography (Stubbs, 1940). 
Owing to its importance, numerous fermentations have 
been made both in the 20-liter and 300-gallon fermentor. 

A culture of Pseudomonas fluorescens, NRRL B-334, 
is transferred from an agar slant into a liquid medium 
containing 100 g glucose and 5 g yeast extract per liter, 
and is then transferred into an aeration bottle containing 
the medium used in the large-scale experiments. These 
cultures are incubated for 48 hours at 32 C. A volume 
of inoculum equal to 3 per cent of the fermentation 
mash is used to inoculate the 10-liter and 150-gallon 
fermentations. 

The medium used in both scale fermentors contains 
per liter: Glucose, 100 g; corn steep solids, 2.5 g; 
K H.POx,, 0.68 g; and MgSO,-7H.O, 0.43 g. The medium 
is adjusted to pH 5.0 and sterilized as previously de- 
scribed for 30 minutes at 121 C. A 20 per cent solution 
of urea and a 20 per cent slurry of CaCO, are sterilized 
separately and are added to the cool sterilized medium 
at a rate of 2 g urea and 27 g CaCO, per liter. 

The fermentors were operated at 33 C and 10 psig 
with one-half per cent octadecyl alcohol dissolved in 
ethanol as antifoam agent. Air flow of 1.5 and 0.75 
volumes of air per volume of medium per minute and 
agitator rates of 220 and 190 rpm were employed for 
the small and large fermentors, respectively. 

Data from two typical fermentations are given in 
table 2. 

Riboflavin. Production of riboflavin with Ashbya 
gossypii NRRL Y-1056 (Wickerham et al., 1946) has 
proved to be a valuable method for manufacture of this 
vitamin for feeds. The yields of riboflavin obtained 
in the 20-liter stainless steel fermentors agree well with 
the yields obtained in 50-liter aluminum, 300-gallon 
stainless steel, and 800-gallon copper fermentors. The 
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TABLE 2. 2-Ketogluconic acid fermentations 


AGE OF 
FERMENTATION 


0 
18 
24 
28 
48 


VOLUME FERMENTED 


12 Liters 


2-keto- 
Glucose | gluconic 
aci 


Yield* 


g/100 ml | g/100 ml 
9.1 
3.0 
0.9 
0.1 
0.0 i@ 80.8 


per cent 


150 Gallons 


2-keto- 
Glucose | gluconic 
acid 


Yield* 


g/100 ml | g/100 ml 


9.4 


per cent 


2.9 
0.7 - 
0.0 ‘ 80.2 


* Based on glucose available. 


50-liter aluminum tanks were similar in design to the 
20-liter fermentors described in this paper. Investiga- 
tions of various factors which influence biosynthesis 
of the vitamin have been described by Pfeifer et al. 
(1950), Pridham et al. (1950), and Tanner et al. (1949). 


Discussion 

The comparative results presented above show that 
it is possible with the 20-liter fermentors essentially 
to establish conditions and anticipate yields for fermen- 
tations operated on a larger scale. Nevertheless, the 
problem of scale-up in industrial aerobic fermentations 
is difficult and extremely important. Recent publica- 
tions (Wegrich and Shurter, 1953; Karow, et al., 1953; 
and Wise, 1951) stress that agitation, aeration, and the 
geometric characteristics of fermentors are essential 
factors in the transition from pilot plant to production- 
scale fermentors. Some variation in results may be ac- 
counted for by the inherent differences between the 
fermentors. The 300-gallon fermentor, for example, is 
2 feet in diameter and 13 feet high, with a liquid depth 
of 6.7 feet for 150 gallons, while the 20-liter fermentors, 
as previously described, are 8.75 inches (0.75 feet) in 
diameter and 20 inches (1.67 feet) high with a liquid 
depth of 11 inches (0.92 feet) for 10 liters (2.64 gallons), 
thus making the geometric characteristics of the two 
fermentors different. In addition, the large fermentor 
has an agitator which revolves in a vertical plane, 
causing a churning of the liquid unlike the rotary motion 
in the 20-liter fermentor. The medium for the large 
equipment is generally sterilized by continuous rather 
than the batch sterilization method. This is advan- 
tageous, especially if the medium contains nutrients 
which react unfavorably (Pfeifer and Vojnovich, 1952) 
In spite of these differences, the ease with which cul- 
tural conditions can be ascertained for plant operations 
has been demonstrated. 

In the sodium gluconate fermentation, for example, 
after a number of trials in the small fermentors, it was 
found that maximum rate of gluconate production was 
obtained when agitation, fermentation pressure and 
aeration were maintained as high as possible. The rate 
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at which oxygen is supplied from the gas to the lig iid 
phase is known to be an essential factor in scaling \ip 
geometrically similar, fully baffled fermentors. " |, 
specific oxygen absorption coefficients [(g moles oxyg 1 
(ml) (atm) (hr)) X 10] for the 20-liter fermentors 4s 
determined in a copper-catalyzed sulfite-water sys om 
(Cooper et al., 1944) are adequate for scale-up stuc es 
Depending upon agitation and pressure, the va ics 
obtained in tanks, equipped with four 10 to 18 per «on 
baffles, vary from 0.35 to 13.5 for the Aloxite si yn 
spargers, and from 0.15 to 10 for pipe spargers hay ing 
six 5¢4-inch holes. 

The aeration and rapid agitation of certain me lia, 
especially those containing proteinaceous mater «ls 
result in excessive foaming and the need for appropr ati 
control measures. Soybean oil, lard oil, lard oil « on- 
taining | per cent octadecyl alcohol, ethy] alcohol «on. 
taining 0.5 or 1 per cent octadecyl alcohol and others 
have been used successfully as antifoam agents. |m- 
proper selection or large amounts of these agents |iave 
been shown to affect fermentation rates and efficiencies 
(Blom et al., 1952, and Pfeifer, et al., 1952). When foam- 
ing occurs, the time clock in our antifoam sysiem 
permits the addition of limited amounts of the agent at 
definite intervals. In this manner, full advantage is 
taken of the agent’s ability to break foam, especially 
when a stable or persistent one is formed, by allowing 
sufficient time for it to act on the foam. Under these 
conditions, only relatively small amounts are required 
to control all types of foaming we have encountered. 

The antifoam agents are added to the individual 
fermentors as required, but since some agents are toxic 
to the organisms, it is necessary to keep the concentra- 
tions comparable. The electrodes may be wired in 
series, permitting the agent to be added to all ferment ors 
each time the system reacts to a single signal. ‘lhis 
feature removes the variable arising from the addition 
of various amounts of the antifoam agent and is es- 
pecially desirable during aeration studies when foum- 
ing is most likely to occur in the fermentors with | 
highest aeration rate. 

Evaporation due to aeration and sampling losses 
problems common to fermentors having small wot 
capacities. In an attempt to prevent evaporation, | 
air is first passed through a humidifier as deserib« 
preceding paragraphs. It has been found that 
evaporation losses from 10 liters of medium hel: 
temperatures of 24, 28, 32, and 38 C and aerated at 
rate of 0.5 volume of air per volume of medium 
minute of humidified air are 90, 120, 180, and 230 : 
respectively, per day. When the air by-passes 
humidifier, the evaporation losses are 120, 160, 
and 300 ml, respectively, per day. Since most of 
fermentation processes are held at about 30 C for 
3 days, losses in volume of approximately 5 per 
due to aeration can be expected. The losses in vol 
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due to sampling are minimized by placing the drain 
ya ve as close to the bottom of the fermentor as pos- 
sibie. In this manner, only 20 to 30 ml of medium are 
ded to flush the valves before a sample is taken. 
‘he stainless steel construction of the fermentor 
»mits the study of culture conditions when high 
-dity is required, such as that in the itaconic and 
it ie acid processes, and the use of fermentation pres- 
es of 30 to 50 psig as used in the sodium gluconate 
nentation. The individual control of temperatures 
| agitation during both the sterilization and fermen- 
ion steps are features which are generally not offered 
many installations of a similar nature. 
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SUMMARY 

The description and operation of a 20-liter stainless 
steel fermentor similar in design to industrial units are 
given. The accessories, such as aerators, agitators, anti- 
foam system and electrode, and equipment to facilitate 
the continuous manual measurement and control of 
pH during the fermentation are also described. 

Comparisons of data obtained from the 20-liter and 
a larger pilot plant fermentor are given in this report 
for the production of dextransucrase, calcium 2-keto 
ghiconate, and riboflavin. A battery of these fermen- 
tors is most helpful in obtaining quickly and inexpen- 
sively data which are readily translated to large-scale 
equipment. 
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Hexachlorocyclopentadiene (P-162)°, a chlorinated 
cyclohydrocarbon, is a general biocide (Hyman, 1952). 
It shows unusual fungicidal and germicidal activity 
toward many fungi and bacteria and is toxic to both 
plants and animals (Hyman, 1952; Cole, 1952). The 
compound is herbicidal to small plants (algae) and 
small grasses and weeds on contact (Hyman, 1952). 
It shows good in vitro effects against many animal 
pathogens at very low concentrations (Cole, 1952). 

It is heat stable and light stable (Hyman, 1952). It 
is a heavy liquid, specific gravity is 1.65 at 74 F. It is 


TABLE 1. Comparison of bactericidal properties of hexach 





Pal bi . , 10 C 
INCUBATION TYPES OF COLONIES 
TIME 
5 Chlorine P-162 a 
Con- Con 
trol j | trol 
5S | 10 5 10 





min ppm ppm 
0 Total X 104 400 | 380 | 390 | 400 | 380 | 380 
Coliforms X 10-3 100 90 85 95 | 100 | 100 


Salmonella typhosa X 10° 


Total X 10-4 375 300 | 200 | 200) «60 | 385 
Coliforms X 10% 85 | 85 | 80! 70) 50 
Salmonella typhosa X 1073 80 75 70 80 60 85 





Total X 10-4 300 | 275 | 185 | 150 | 40 | 320 
Coliform X 107% 80 70) 60 0*; O| 90 


Salmonella typhosa K 10-% 80 70 70 0 0 80 


Total X 10-4 280 | 260 | 170 | 100 0 | 285 
Coliform x 10-3 70 | 70) 50 0 0)| 70 
Salmonella typhosa X 10°3 65 50, 40 0 0, 70 


nonexplosive and not flammable. The concentrated 
solution is insoluble in water. A mixture of one part 
of the concentrated material with four parts 95 per 
cent ethanol is soluble in water (Cole, 1952). 

The purpose of this study is to compare the germicidal 
properties in sewage of hexachlorocyclopentadiene with 
chlorine. The following points were considered: 1) 
comparison of the effects of hexachlorocyclopentadiene 
and chlorine on total bacterial counts, 2) comparison 


‘Work done in Dept. of Veterinary Science and Bacteriol- 
ogy, University of Wyoming, Laramie, Wyoming. 

* Department of Pathology, School of Veterinary Medi- 
cine, University of Pennsylvania, Philadelphia, Pennsylvania. 

* Hexachlorocyclopentadiene supplied by Julius Hyman 
Division, Shell Oil Company, Denver, Colorado. 
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* Where zero (0) occurs the counts were less than 10,000 in case of total counts and less than 1,000 in case of coliform and S. typhosa counts 


CoLE? 


niversity of Pennsylvania, Philadelphia, Pennsylvania 


of the effects of hexachlorocyclopentadiene and chlo: 
on coliform counts, 3) comparison of the effects of he 
chlorocyclopentadiene and chlorine on the comn 
pathogenic organism Salmonella typhosa found in wa 
and 4) comparison of various concentrations of h« 
chlorocyclopentadiene and chlorine at different tii 
and temperatures. 


MATERIALS AND METHODS 


Sewage effluent from the sewage plant of the | 


of Laramie, Wyoming, was used in this work. ‘! 







lorocyclopentatiene (P-162) and chlorine in sewage 





TEMPERATURE 





OF INCUBATION 


24C 37 C 58 C 
Chlorine P-162 : Chlorine P-162 5. Chlorine P-| 
- Con- Con- 
aan | trol | | trol j i 
5 | 10 5 10 5 | 10 5 10 5 10 5 


| 
! : - 
ppm ppm ppm ppm ppm p 
400 | 370 | 390 | 37 


) | 375 | 380 | 380 | 390 | 380 | 365 | 380 | 370 = =390 
95 85 85 75 85 70 90 100 90 90 95 85 85 
90 85 






375 | 300 | 230 | 100) «370 | 285 «2251 


5 | 350 | 250 | 200 | 150 
80) 75) 70) 4 5 | 75 | 70) 65 | 65 
80 70 5 


g. 
90 85 80 7 
7 


280 | 200 | 140 40 | 295 | 260 | 190 | 130 45 | 290 | 280 | 180 | 160 
80 70 0 0 85 80 70 0 0 85 70 80 0 
80 65 0 0 75 | 85 70 0 0 80 7 65 0 


280 | 200 | 110 0 290 250 180 | 100 0 | 270 260 | 160 100 
60 | 50 0 0; 80 60) 40 0 0: 80 70) 60 0 
65 | 60 0 0; 85} 65| 45 0 0; 8 | 60); 50 0 


sewage effluent was inoculated with 100,000 organi 
per ml of a Salmonella typhosa culture. 

All tests were run in duplicate on 100 ml of sew 
contained in 8-ounce bottles. The tests were carried 
at 10, 24, 37, and 58 C. Chlorine and hexachlorocy: 
pentadiene were added to sewage at a concentrai 
of 5 and 10 ppm. 

Plate counts were taken before the addition of 
chlorine and hexachlorocyclopentadiene and at 30, 
and 120 minutes after the addition of the chlorine 
hexachlorocyclopentadiene. The plates were incuba 
at 37 C for 24 hours. The total bacterial counts \ 
done on tryptone glucose extract agar (Difco). FE: 
methylene blue agar (Difco) was used for the « 
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n counts; and MacConkey’s and bismuth sulfite 
r were used to isolate the S. typhosa organisms. 
RESULTS 
‘able 1 shows the results of the addition of chlorine 
| hexachlorocyclopentadiene to the sewage. Temper- 
re had no effect on the resulting counts. Hexachloro- 
cy lopentadiene (10 ppm) reduced the total count of 
sewage from 4 million to less than 10,000 in 2 hours 
realting in over 90 per cent reduction. Chlorine (10 
n) reduced the total count of the sewage to about 
000 organisms in 2 hours. This was a 45 per cent 
~ uction. 
lexachlorocyclopentadiene proved to be equally 
ctive against the 100,000 coliform and S. typhosa 
anisms. Both 5 and 10 ppm of hexachlorocyclo- 
itadiene reduced the coliform and S. typhosa to less 
n 1,000 in 1 hour. This was over a 90 per cent re- 
tion. As compared to chlorine (5 or 10 ppm), there 
e still about 50,000 coliform, and S. typhosa after 
ours of treatment. This was only a 50 per cent re- 
duction. 


SUMMARY 


Hexachlorocyclopentadiene, P-162, at 10 ppm re- 
duced the total count of sewage 90 per cent in 2 hours 
and chlorine at 10 ppm reduced the total count of 
sewage 45 per cent in 2 hours. Hexachlorocyclopenta- 
diene at 5 or 10 ppm reduced the coliform counts over 
90 per cent in 1 hour and chlorine at 5 or 10 ppm re- 
duced the coliform counts 50 per cent in 2 hours. Hexa- 
chlorocyclopentadiene at 5 or 10 ppm reduced the S. 
typhosa counts 90 per cent in 1 hour and chlorine at 
5 or 10 ppm reduced the S. typhosa 50 per cent in 2 
hours. Temperature did not affect the action of chlorine 
or hexachlorocyclopentadiene, but the action of hexa- 
chlorocyclopentadiene was about 50 per cent faster 
than chlorine at all temperatures tested. Little dif- 
ference was noted between the activity of 5 ppm and 
10 ppm solutions of hexachlorocyclopentadiene. 
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\n important consideration in industrial fermentation 
operations is the effect of method of preparation of 
inoculum on subsequent fermentation performance. 
Altered characteristics including decreased solvents and 
increased riboflavin production have been observed 
when strains of Clostridia have been transferred at 
frequent intervals under conditions which do not allow 
sporulation to occur (Williams, 1936; Rodgers, 1939; 
M:Coy and Fred, 1941; Phelps, 1941; Rodgers, et al., 
19:6). Biochemical (Phelps, 1941; Hanson and Rodgers, 
19'6) and nutritional (Perlman, 1948) studies have not 
sh: wn any fundamental differences in the cultures to 
wl ch the degenerative changes could be attributed. 
Wile similar changes in metabolic activities have not 
bern reported for other bacterial species, a recent report 
by Williams and McCoy (1953) has described changes 
in .orphology and antibiotic production observed when 
ac ‘lture of Streptomyces griseus was transferred serially 
on yeast-glucose agar. Decreased aerial sporulation 


and occurrence of asporogenous colonial forms (similar 
to those described by Appleby, 1948) together with 
reduction in antibiotic production was observed as 
the culture was passed through 50 or more serial trans- 
fers. We have found that streptomycin production by 
a mutant of S. griseus decreased markedly as the culture 
was transferred frequently in submerged culture. This 
loss of antibiotic producing capacity was correlated 
with the occurrence of nonsporulating colonial types 
which did not produce any streptomycin. Significant 
changes in other metabolic activities including pro- 
duction of vitamin By. and conversion of glucose to 
carbon dioxide and cell substance were not found as 
the culture “‘degenerated”’. 


METHODS 
Stock cultures of the mutant strain of S. griseus were 


prepared by lyophilizing a suspension of the vegetative 
cells and cell fragments present when the mutant was 
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TABLE 1. Effect of repeated transfer of inoculum on metabolic activities of a streptomycin-producing culture of Streptomyces gris 


METHOD OF PREPARATION OF INOCULUM 


Vial of Lyophilized Spores 


" 48 hr . . 
Inoculum Flask 1 ———> Fermentation A 


148 hr 


2 48 hr . = 
Inoculum Flask 2 ———> Fermentation B 


148 hr 
48 hr 


Inoculum Flask 3 ———> Fermentation C 


[48 hr , 
. 48 hr . 
Inoculum Flask 4 + Fermentation D 


{48 hr 
¥ ~ 48h 
Inoculum Flask 5 — 
148 hr 


Fermentation E 

= , 48hr ‘- : 7 

Inoculum Flask 6 ———> Fermentation F. . . 
148 hr 

Inoculum Flask 7 
[48 hr 


48 hr . . " 
——— Fermentation G 


. 48 hr . . 
Inoculum Flask 8 ———> Fermentation H 


148 hr 


‘ 48 hr 
Inoculum Flask 9 


— Fermentation I 


DATA ON SAMPLES FROM 5-DAY FERMENTATION 


Asporogen 


Streptomycin Vitamin Bis Glucose used colonial ty 


per cent} per centt per cent per cent 


100t 


94 


61 


7.80 . 120 


7.95 2 110 9: 93 


Inoculum medium: Soybean meal, 15 g; glucose, 20 g; NaCl, 5 g; distilled water, 1 liter; pH adjusted with NaOH to 7.0 by 


and after autoclaving at 123 C for 30 minutes. 


Fermentation medium: Soybean meal, 30 g; glucose, 20 g; Co(NO;).-6H.O, 0.005 g; distilled water, 1 liter; pH adjusted 


NaOH to 7.0 before and after autoclaving at 123 C for 30 minutes. 


* Colonial types observed on soybean infusion agar. 


} Streptomycin and vitamin B,2 production expressed as percentage of that obtained with the first passage. 
t An average streptomycin titer of 1165 ug/ml was obtained in this fermentation. 


grown in submerged culture for 3 to 4 days on a soybean 
meal-glucose medium. Inoculum for fermentation studies 
was prepared by transferring a quantity of this lyophil- 
ized suspension to a 500-ml Erlenmeyer flask containing 
100 ml of a medium consisting of: soybean meal, 15 g; 
glucose, 20 g; NaCl, 5 g; distilled water, 1 liter; and 
sufficient NaOH to adjust the pH to 7.0 before and 
after autoclaving for 30 minutes at 123 C. These inocu- 
lated flasks were placed on a reciprocating shaker (120 
2-inch cycles per minute) located in a constant temper- 
ature room maintained at 25 C. The submerged growth 
obtained after 2 days incubation was used to inoculate 
other flasks of the inoculum medium or a fermentation 
medium as indicated. Study of the morphological types 
present in the inoculum or fermentation flasks was made 


NON-STREPTOMYCIN PRODUCING 
MUTANT CULTURE 


————— 
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Fig. 1. Chemical changes occurring during fermentation of 
synthetic medium. 


by plating a quantity of the vegetative growth on a 
yeast extract-beef extract agar (Difco) and an agar 
containing an infusion of soybean meal and glucose. 
The colonial forms were observed after 5 to 7 days in- 
cubation of the agar plates at 25 C. The mutant. culture 
used at the start of the study contained only the aspo- 
rogenous forms similar to those described by Appleby 
(1948) and by Koerber, et al., (1950), when grown on the 
yeast extract-beef extract agar, and sporulating colonies 
on the soybean infusion agar. The degenerated cultures 
contained types forming asporogenous colonies on ‘he 
soybean infusion agar. The relative proportion of these 
latter asporogenous types was used as an index of ex- 
tent of degeneration. 

An attempt was made to try to correlate the emcr- 
gence of these degenerated cultures with changes in ‘he 
fermentation characteristics. A medium containing s \y- 
bean meal, 30 g, glucose, 20 g, and distilled wate, | 
liter, was used in these routine studies. Three replic te 
flasks of this medium (100 ml medium per 500 ul 
<rlenmeyer flask) were inoculated with 5 to 7 ml of ' he 
vegetative growth, and placed on the reciprocat og 
shaker. After 5 days incubation the flasks were remo\ od 
from the shaker and aliquots of the contents trea’ od 
with acid as described by Rake, et al. (1949) prior ‘to 
analysis for streptomycin content by the tube-dilut on 
bioassay (Donovick, et al., 1945) and vitamin >; 
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‘ownlee and Lapedes, 1951). All analytical values 
id in table 1 and figure 1 represent averages of 
lyses obtained on three or more aliquots. The ab- 
‘e of mannosidostreptomycin in these aliquots was 
vn by a modification of the carbazole test (Perlman, 
9). The quantity of glucose present in fermentation 
ples was determined by the method of Shaffer- 
ogyl (1933), using reagent 50 with 5 g of KI per 


nalyses of samples from fermentations in synthetic 
lia included, in addition to the above, determina- 
of ammonia and volatile acid by Conway’s methods 
10), and cell substance by drying the washed cells 
onstant weight at 105 C. 


RESULTS AND DISCUSSION 

1 deference to laboratory operating schedules it is 
often desirable to use inoculum which has been trans- 
ferred more than once in the vegetative state. When 
such a procedure was followed in experiments with an 
asporogenous streptomycin-producing mutant of S. 
griseus, & marked reduction in antibiotic production 
was observed. Repetition of the experiments under con- 
trolled conditions showed that this reduction of anti- 
biotic production became more marked with increase 
in the number of transfers of the inoculum. A study of 
conditions affecting this change was undertaken, and 
it was found that repeated transfer of the inoculum at 
frequent intervals, that is, less than 3 days, resulted in 
poor fermentations if 6 to 10 transfers were used. Some 
of the data collected in this study are summarized in 
table 1. Examination of the cultures from these ‘‘poor’’ 
streptomycin fermentations showed no morphological 
aberrations when grown on yeast extract-beef extract 
(where the mutant is normally asporogenous) but a pre- 
dominance of asporogenous colonial forms when grown 
on soybean meal infusion agar (where the mutant is 
normally sporulating). Vitamin By, production and 
rate of utilization of glucose were not affected by re- 
peated transfer of the culture in the vegetative state, 
as shown in table 1. 

A number of these colonies obtained by plating 
samples from the “‘poor’’ streptomycin fermentations 
on soybean infusion agar were selected for further study. 
It was found that the asporogenous colonies grew well 
on « number of media but did not produce any strepto- 
mycin. The chemical changes occurring, when one of 
the nonproducing mutants and the “normal” parent 
culture was grown on a synthetic medium (O’Brien, 
et a/., 1953), are summarized in figure 1. The synthetic 
mecium contained glucose, 20 g; glycine, 2.6 g; sodium 
ack’ glutamate, 2.2 g; K.HPO,-3H.0, 0.5 g; MgSO,- 
7H.0, 0.5 g; CaCl.-2H.O, 0.05 g; Co(NO;).-6H.0, 
0.0056 g.; FeSO,-7H.0, 0.025 g; ZnSO4-7H,0, 0.03 g; 
CusO4-5H2O, 0.012 g; MnSO,-4H,O, 0.016 g; and 
dist led water, 1 liter. No significant differences were 


found between the cultures in metabolism of glucose, 
rate of formation of cellular material, or production 
of ammonia or volatile acid. Other experiments showed 
that the nonstreptomycin-producing mutants did not 
inactivate streptomycin added to cultures growing on 
soybean meal-glucose medium. 

j, Similar studies carried out with other strains of S. 
griseus, Which normally sporulate when grown on the 
yeast extract-beef extract agar, showed that this type 
of degenerative phenomenon was unique for this strepto- 
mycin-producing mutant. If intervals longer than 3 
days were used in transferring the inoculum, the oc- 
currence of ‘‘degeneration”’ of the asporogenous strepto- 
mycin-producing culture was much delayed and often 
was not noticeable over a series of transfers. This type 
of degeneration appears to resemble that observed with 
the Clostridia rather than that described by Williams 
and McCoy (1953) in their studies with a number of 
“normal” strains of S. griseus. 


SUMMARY 


Streptomycin production by an asporogenous mutant 
of Streptomyces griseus decreased markedly as the cul- 
ture was transferred serially 6 to 8 times at frequent 
intervals in submerged culture. This loss of antibiotic 
producing capacity was correlated with the occurrence, 
in the fermentation, of variants which did not produce 
any streptomycin. Significant changes in other met- 
abolic activities, including production of vitamin Bis 
and conversion of glucose to cell substance, were not 
found as the culture ‘“‘degenerated”’. These “‘degenera- 
tive” changes were not observed when other ‘‘normal”’ 
cultures were transferred in this manner. 
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Introduction of hexachlorophene! soap has revived 
interest in the problem of controlling the levels of skin 
bacteria by use of soaps containing antibacterial com- 
pounds. For the in’ vivo evaluation of the efficiency of 
these compositions, several modifications of the Price 
method (Cade, 1950; Pohleand Stuart, 1940; Price, 1938; 


Traub et al., 1944) haverbeen applied. In general, these 
methods involve the estimation of bacteria on the hands 
by determination of the numbers removed _in as many as 
10 consecutive, standardized handwashings using soap. 
Evaluation of the effectiveness of test compounds has 
been carried out by comparing bacterial counts ob- 
tained after the use of the medicated test soaps for 
several days or weeks with the counts obtained after 
use of an unmedicated blank soap; effects of the test 
compound are generally apparent only after some days 
(Price, 1951). In practice, such methods have proved to 
be cumbersome and time-consuming. 


METHODS AND RESULTS 


A less tedious method, the split-use procedure, has 
been developed for use in our laboratories to permit 
completion of the test in 5 days. In this procedure, the 
use of test soap by the subjects is under rigid control 
and, even more important, each subject actually serves 
as his own control during the period of use of the test 
soap. The method is carried out as follows: 1500 ml of 
water of 7-grain hardness are added to each of two clean 
basins. Each subject covers his right hand with a neo- 
prene glove, and scoops up into his cupped hands a small 
amount of water from a basin. Two grams of granulated 


‘Generic term for bis (2-hydroxy-3,5,6-trichloropheny]) 
methane. 


blank soap are poured into the hands, and the subject 
begins to wash both hands up to the wrist. At the end 
of 20 seconds, the subject takes up additional wate: 
and proceeds to wash in a uniform, vigorous manner 
for 75 seconds, while working up a copious lather. ‘lhe 
hands are then rinsed for 20 seconds while immersed in 
the wash water, and drained for an additional 20 
seconds. The glove is next removed, and a fresh glove 
placed on the left hand. The procedure above is then 
repeated, exposing the right hand to the action of ‘he 
test soap. In this manner, each subject is able to serve 
as his own control during the test period, rather than 
before or after the test as in the application of the Price 
method. 

Colony count per basin is obtained from aliquots of 
wash water planted into nutrient agar (Difco) pour 
plates within 5 minutes after completion of the wash- 
ing. Aliquots of the wash water just before the washing 
are also planted for control count. These plates 
counted after incubation at 37 C for 48 hours. 

In order to obtain preliminary data which may be 
used in the calculation of results, each hand is was! 
with unmedicated soap alone in the morning and : 
noon on Monday. Bacterial counts are made on 
noon wash waters as a measure of the “normal”’ | 
terial populations of the hands. In the afternoon, 
left hand is washed with blank soap and the right h: 
with test soap. During the rest of the week, until Fri 
noon, the applications of test soap on the right h: 
and of blank soap on the left hand are continued at 
same times thrice daily. However, the right hand : 
well as the left is washed with blank soap on Wednes: 
and Friday at noon (followed by test soap on the ri!) 
hand on Wednesday), and bacterial counts are m: le 
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| the blank soap wash waters from the left and right 

} ids. Counts are not made on wash waters obtained 

i h test soap, because of the possible bactericidal or 

‘teriostatic action of the antibacterial ingredient. 

rile water, basins and gloves are used when the 

ints are made on Monday, Wednesday, and Friday. 

[he above procedure was evolved from various 

thods designed to reduce the time and effort involved 

the original Price method. It is based upon the con- 
sion that, as may be seen from published data (Price, 

(38; Pohle and Stuart, 1940) on removal of bacteria 

-m the hands, the number of organisms removed in 

first basin is directly related to the total flora of the 
ids. Therefore, it is not felt that the use of a large 
nber of basins is strictly necessary for comparative 
luations of antibacterial action. 

ercentage reductions in the bacterial flora, obtained 

the split-use method, may be calculated in three 
evs: 1) By calculating the reduction in count on the 
hand below the initial “normal” level, with the 
umption that the original count found on Monday 
uld have remained constant during the week in the 
sence of the test soap; 2) by comparing the test and 
itrol hands on Wednesday or Friday, and assuming 
that the normal ratio of their counts would have been 
1.0 in the absence of treatment; and 3) by correcting 
the apparent reduction calculated in method 2 by using 
the initial ratio of bacterial populations on the control 
and test hands, and assuming that that ratio would 
have remained constant during the test period if the 
experimental soap had not been applied. 

When results are interpreted by the three methods 
above, method 1 is found to give highly variable values 
because of the fact that the normal flora of the hands 
fluctuates from day to day. This points out the greatest 
error involved in the use of the Price technique for 
measuring reductions of the bacterial population; 
namely, the invalidity of the inherent assumption that 
the normal population is sufficiently constant to permit 
a direct comparison with the population found during 
use of the medicated soap. In fact, all of our experience 
has shown that manifold variations in the bacterial 
‘counts will be found when the same subject is tested 

eatedly. 

‘fethods 2 and 3 have shown no consistent differences 

ween the calculated results. This is due to the fact 

the ratios are so variable that there is no over-all 
antage to be gained by weighting the observed per- 
age reductions in count by the corresponding pre- 
isly determined “normal” ratios. Therefore, method 
s been selected as the method of choice in expressing 
observed reduction in bacterial population on the 


's hand. Since this procedure seems most simple and 


factory, the determination of ‘normal’ popula- 
:on the hands at the start of the test period may be 


eliminated. Thus, the handwashing schedule described 
above may be modified to permit use of the test soap 
at all three washings on Monday. 

As the over-all results from a split-use panel of six to 
eight subjects have always agreed closely on Wednesday 
and Friday, the results obtained on Friday are routinely 
used as the measure of effectiveness of the test soap; 
Wednesday’s results are used merely for confirmation. 
Occasional widely variant findings, due to the inherent 
variability of the experimental material, have been 
eliminated on the basis of statistical considerations 
(Dixon and Massey, 1951). 

Results by the split-use test, calculated as indicated 
above, have been compared with a modification of the 
Price (1938) method. In the latter procedure, the sub- 
jects used blank soap exclusively for 2 weeks, test soap 
for the next 4 weeks, and blank soap for a final 2 weeks; 
the hands were washed once a week in three successive 
basins according to the previously described time 
schedule, and the total bacterial content of the first and 
third basins was determined. Reduction of the bacterial 
flora was calculated from averages obtained during the 
control and test periods. 

Several soap sanitizers have been tested by both of 
the above methods. Two per cent of each compound 
was incorporated in milled toilet soap. It may be seen 
from table 1 that comparable results have been ob- 
tained in each case. However, it is evident that the split- 
use method in general has shown a greater effectiveness 
of the sanitizing compounds than has the modified 
Price technique. This may be attributed to two factors; 
greater sensitivity of the split-use method because of 
the fact that control and test determinations are made 
at the same time, and assurance that the subjects have 
received equal and adequate applications of the test 
soap. 


TABLE 1. Reduction of the bacterial flora of the hands as 
measured by the modified Price and split-use method 


METHOD 


Modified Price Split-Use 
TEST COMPOUND 


(2 PER CENT IN SOAP) Per cent re- 


J 2 “( ion . 
No, Percent reductio duction 


of 
sub- 
jects 


No. of 
sub- 
Mean >. -_ Mean = 
Bis (3,5, 6-trichloro-2-hy- 
droxypheny!) methane 
(Hexachlorophene) 
Bis (3,5-dichloro-2-hydroxy- 
phenyl) methane 
Bis (3,5 dichloro-2-hydroxy- 
phenyl) sulfide (Bithionol) 
Sodium pentachlorophenate 
Zine dimethyl dithiocarba- 


mate 


* Standard error. 
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DISCUSSION 


The Price method has been widely applied for the 
evaluation of detergent preparations containing hexa- 
chlorophene. It may be seen from table 1 that reductions 
of the bacterial flora which we have found after use of 
hexachlorophene soaps are considerably lower than 
those frequently reported; this is due largely to the 
fact that our subjects, as well as those of Price (1951), 
showed variable responses to the treatment. It is also 
apparent from these data that both the modified Price 
method and the split-use procedure are adaptable to 
the determination of the efficacy of types of skin sani- 
tizers other than the halogenated dihydroxy diphenyl- 
methanes. 

Another advantage of the split-use procedure is that 
it may be used for a side-by-side comparison of two 
test soaps on the same subject at the same time. Thus, 
when a panel of eight subjects washed one hand with 
soap plus hexachlorophene and the other hand with soap 
containing bis (3 ,5-dichloro-2-hydroxyphenyl) sulfide 
(bithionol) by the split-use method for 1 week, there was 
an insignificant change in the ratios of bacteria re- 
covered from the left and right hands. As indicated in 
the table, the two compounds are of similar efficiency. 
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SUMMARY 


The split-use handwashing method has been fou (| 
to provide a simple, rapid, and reliable procedure 
enumeration of the bacterial flora of the hands ai 
use of test soaps containing antibacterial additir 

It has been shown by use of this method, as wel 
by a more conventional procedure, that several ty 
of compounds retain their skin disinfecting ability ai 
incorporation in soap. 
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[he kinds and amounts of volatile acids absorbed 
from the rumen of sheep have been estimated by com- 
paving the volatile acids in the blood draining the 
runen with the amount in the peripheral circulation 
Bareroft et al., 1944; Kiddle et al., 1951). An unde- 
siiable factor in these experiments is the disturbance 
of normal conditions by the operative procedures 
(Masson and Phillipson, 1951). Also, some of the acids 
are metabolized by the tissues of the rumen wall 
(Pennington, 1952) and the total amount leaving the 
rumen does not appear in the blood. These draw- 
backs have been overcome (Danielli et al., 1945; 
Pfander and Phillipson, 1953) in experiments with 
fistulated sheep by determining the rate of disap- 
pearance of the various volatile acids from the rumen 
rather than their appearance in the blood. 

Another approach to the problem, one particularly 
applicable to the bovine animal, is to determine the 
rate at which the acids are formed. This was used by 
Stone (1949) to compare microbial activities in the 
normal and atonic rumen. The volatile acids produced 
in the rumen are completely utilized by the bovine 
animal since only negligible amounts are excreted 
(Wilsing, 1885; Elsden et al., 1946). Rates of produc- 
tion of volatile acid cannot be determined directly in 
the rumen because absorption decreases the acid con- 
centration simultaneously with its increase through 
fermentation. Rates of production can be estimated 
indirectly if absorption is eliminated by removing the 
rumen contents from the animal. 

Removal of rumen contents is subject to the limita- 
tions 1) that it may immediately impose unnatural 
conditions on the microbiota, and 2) even if no un- 
natural conditions are immediately imposed, the 
microbial activities, dissociated from the absorptive 
and secretory activities of the host, soon lead to ab- 
normal conditions. 

xperience in culturing cellulolytic bacteria (Hun- 
gaie, 1950) and protozoa (Hungate, 1942) of the 
ruaen has indicated that anaerobiosis, proper tem- 
perature, and maintenance of suitable pH and a high 
bu!'ering capacity (carbon dioxide-bicarbonate buffer) 
are important. If these factors are properly regulated, 

Chis investigation was supported in part by a grant-in- 
aid ‘rom the National Science Foundation. 


any, 


removal of rumen contents need not immediately 
modify the normal microbial activities. 

The second limitation, that fermentation by rumen 
microorganisms in vitro leads to abnormal condi- 
tions, can be avoided if the rate of increase in the 
volatile acids is determined at the instant rumen 
contents are removed. This is experimentally impossi- 
ble because rates of production must be calculated 
from the difference in volatile acid content at zero 
and some subsequent finite time. However, the volatile 
acid concentration can be determined in a portion of 
the sample at the instant of removal from the rumen 
and, by shortening as much as possible the incubation 
period before the next portion is analyzed, an experi- 
mentally determined average production rate for the 
short interval can be calculated. From analyses made 
after further incubation a curve of volatile acid con- 
tent against time can be constructed, the slope of 
which, for any particular time, represents the rate of 
production of volatile acid. The slope at zero time is 
the rate of volatile acid production at the instant of 
removal from the rumen. This rate should be iden- 
tical with that of the contents remaining in the rumen. 


MeruHops 


Rumen contents were removed from a fistula ani- 
mal? to a flask previously filled with carbon dioxide 
with a gentle stream of carbon dioxide flowing through 
it from a capillary tube. A sample for analysis was 
immediately (zero hour) acidified with 25 milliequiva- 
lents of sulfuric acid per 40 g of rumen contents to 
stop all metabolic processes. The remaining rumen 
contents were protected from exposure to oxygen by 
stoppering the flask as the capillary tube was with- 
drawn. The flask and contents were taken to the 
laboratory as soon as possible and incubated in a 
water bath at 39 C. If the weather was cold the flask 
was kept in a bucket of water at 39 C during the time 
it was in transport to the laboratory. 

Additional samples were removed from the flask at 
1, 2, 3 and 4 hours, and acidified, care always being 
taken to avoid exposure to oxygen. They were diluted 

? Fistula animals were supplied through the cooperation of 


the College of Veterinary Medicine and the Department of 
Animal Husbandry. 
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TABLE 1. Recovery of volatile acids 
RUN 1 RUN 2 RUN 3 RUN 4 
Acetic acid 


Propionic acid 
Butyrie acid 


0.0966 0.0948 0.0950 0.0961 
0.0374 
0.0164 


0.0956 
0.0356 0.0346 0.0352 0.0357 
0.0168 0.0168 0.0177 | 0.0169 


Total ; 0.1504 | 0.1472. 0.1464 | 0.1490 | 0.1482 


with an equal volume of water and allowed to stand 
at room temperature for at least 24 hours with oc- 
sasional shaking to insure equilibrium between the 
acid in the liquid and solid phases. After settling, 
aliquots of the liquid were removed and steam dis- 
tilled for volatile acids. The distillate was titrated 
with barium hydroxide in a carbon dioxide-free atmos- 
phere using brom thymol blue indicator, and the salts 
were evaporated to dryness on a steam bath. The 
error involved in the steam distillation was relatively 
small, duplicate aliquots usually differing by less than 
1 per cent, though in the grain experiments a greater 
error was involved. 

The individual volatile acids were separated chro- 
matographically according to a modification of the 
method of Elsden (1946). The barium salts were 
transferred with a few ml of water to a tube 100 x 
20 mm diameter and the water again evaporated off. 
The residual salts were dissolved in 0.2 ml of hot water 
and the tube then placed in an ice bath. Four ml of 
5 per cent butanol in chloroform (CB;) were added 
and then 1 g of K.S.0;. These were thoroughly mixed 
until the indicator no longer showed any blue color, 
then 2 more g of K.S.O0; were added and mixed. After 
standing a few minutes, the mixture was transferred to 
a sintered glass filter and the CB; forced through 
with pressure from carbon dioxide-free air. Additional 
portions (3 to 4 ml) of CB; were used for further ex- 
traction until the volume of filtrate was about 15 ml. 
Then CBeo was used for extraction until the volume 
of filtrate was 20 ml. Three-ml aliquots of this solu- 
tion of volatile acids in chloroform-butanol, containing 
usually 0.08 to 0.15 mEq acid, were run on the chro- 
matographic column. 

The column was prepared by thoroughly mixing 6 
g of cellulose* with 2.7 ml of brom cresol green indicator 
solution and 0.1 ml of 0.2 normal NaOH. The cellulose 
flour had previously been thoroughly washed in distilled 
water and dried. The mixture was suspended in 90 ml 
of CB, and transferred in 10-ml quantities to a glass 
tube 45 em long and 16 mm in diameter. A screen with 
a little absorbent cotton over it formed the support at 
the bottom of the column. After each addition of the 
suspension, the cellulose was firmly packed with a 
plunger constructed by soldering a porous flat disc 


3 BW-200 Solka-Floc, Brown Co., Berlin, N. H. 


onto the end of a long rod and tying a linen cloth oy 
the end. The final column was about 15 cm long. 

The sample containing the volatile acids was add 
gently at the top of the column with a pipette, avoid 
contact with the upper walls of the tube. After 1 
solvent entered the column, one or two applicati 
of 1 ml of chloroform were used to wash in all of 
acids. The column was developed with pure chlorof« 
until the butyric band had been extracted, then ( 
was used to obtain the propionic acid. Acetic acid \ 
removed by using CBs. 

The acid from each band was titrated with bari 
hydroxide in a carbon dioxide-free atmosphere 
nitrogen. Acids were identified initially by tl! 
Duclaux distillation constants, later by their Rf val 

The accuracy of the chromatographic separation \ 
tested by preparing a mixture containing 0.096 m 
equivalents of acetic acid, 0.0361 mEq of propix 
acid, and 0.0175 mEq of butyric acid, a total of 0.1 
mEq. The acids were neutralized, dried, extracted \\1 
chloroform-butanol, and run on the chromatogra))h 
The amounts of each acid recovered are shown 
table 1. 


EXPERIMENTAL RESULTS 
A. Total Volatile Acid 


The first two experiments were designed to comp 
the rates of production of volatile acids by run 
liquid as compared with the total rumen conte: 
which contain a higher proportion of solids (about 
per cent solids in the hay-fed animal). The amounts 
volatile acid at various times in samples of rume 
liquid and of total rumen contents from fistula steer 
number 1 are shown in table 2. The material for bo 
experiments was collected at 10:20. 

In experiment 1 the total rumen contents showed : 
higher volatile acid content at zero time than did 
liquid. This may be explained by a lack of equilibri 
between liquid and solid phases in the rumen. If aci 
are formed primarily in the solids they would 
expected on occasion to be present in greater amou 
than in the liquid. Addition of saliva and absorptio: 
acids would tend to maintain such a gradient betw 
solids and liquid. The reverse of this relationshiy 
experiment 2 may have been due to recent ingestio! 
hay. In spite of the difference in the direction of 
initial gradient of volatile acid concentration betw 
liquid and solids in the two experiments, both agre: 
showing a much greater increase of volatile acid: 
the sample containing solids. This is presumably 
to the greater amount of available substrate. 
average volatile acid increases are plotted in figure | 

The necessity of using total rumen contents \ 
their contained solids greatly increased the diffic 


in obtaining representative samples. No technique {or 
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TABLE 2. 


O HR 1 HR 
F <PERIMENT 
ave Liquid plus 


Liquid plus 
solids i 


solids 


Liquid Liquid 


13.28* 


9.35 


16.08 
8.82 


13.54 
9.47 


17.38 
9.90 


11.32 12.45 11.51 13.64 


* Milliequivalents per 100 g. 


3 





INCREASE IN VOLATILE ACID IN mea NOOe 


% 2 3 4 


TIME OF INCUBATION IN HOURS 


Fic. 1. Volatile acid in incubated rumen liquid and in total 
contents. 





reliable sampling was discovered, though use of large 
samples (ca. 500 g) reduced the error from this source. 

The effect on volatile acid production of diluting the 
rumen contents with a balanced salt solution (Hungate, 
1950) was studied in experiment 3. The procedure was 
similar to that previously used except that before 
incubation one sample of contents was mixed with an 
equal volume of the salt solution which had been 
buffered, made anaerobic, and adjusted to a tempera- 
ture of 39 C. 

\[aterial for this experiment was obtained at 10:00 
by stomach tube from fistula animal number 2 which 
had been on a green grass pasturage diet. The amounts 
of volatile acids present at various times are shown in 
table 3. 

‘hese results do not indicate any significant difference 
in the rate of production of volatile acid in the two 
saniples. The initial pH of 6.45 dropped after 4 hours 
to 1 value of 5.6 in the diluted culture and 5.5 in the 
un iluted. Although the total amounts of volatile 
aciis in diluted and undiluted contents were the same, 
thee was a possibility that the acids differed in 
con position. This was tested by determining the 
amounts of the individual acids present at 1 hour, with 
resi |ts as shown in table 4. 

‘| his experiment is cited in detail to show the degree 
of) —producibility with the chromatographic separation 


ATION IN BOVINE RUMEN 


Comparison of volatile acid in rumen liquid with that in liquid plus solids at various times after removal 


2 HR 3 HR 4 HR 


Liquid plus 


Eimuia Liquid Liquid plus Liquid plus 
ae solids - solids i 


solids 


Liquid 


13.85 
2.49 


18.14 
10.80 


13.89 18.58 
9.55 11.50 


13.93 
9.66 


18.75 
12.07 
11.67 14.47 i .72 15.04 


11.80 15.41 


TABLE 3. Comparison of the amount of volatile acid in 
incubated diluted and undiluted rumen contents 


0 HR 1 HR 2 HR 3 HR 


Diluted 
Undiluted 42 


Bs 8.05 


8.11 


8.99 
8.97 


9.82 
986 


* Milliequivalents per 100 ml. 


TABLE 4. Composition of the volatile acid in diluted and 
undiluted rumen contents as estimated in 
chromatographic separations 

BUTYRIC ACID 


PROPIONIC ACID ACETIC ACID 


mEq* mEq mEq 
Zero hour 
Ist column. . 
2nd 


3rd“ 


-O175 0.0275 
0173 0) .0297 
.O162 0.0266 


0.0917 
0.0884 
0.0932 


“ 


Average .O170 .0279 0.0911 
hr, undiluted 
Ist column 

2nd 


3rd es 


-O155 
0162 
.0142 


0262 
0264 
0260 


0.0841 
() .O824 
0.0846 


“ 


Average 0153 0262 0.0837 
1 hr, diluted 
Ist column 0.01538 0.0261 
2nd ” 0.0151 0.0235 
ara 0.0162 0.0278 
ih * 0.0158 0.0266 


0.0833 
0.0833 
0.0810 
0.0824 


Average 0.0156 0.0260 0.0824 


* Actual titration values for individual acids extracted from 
each column. 


in an actual experiment. The averages in table 4 have 
been recalculated to give the amount of each volatile 
acid per 100 g of rumen contents. 

The slightly greater amount of the individual 
volatile acids in the diluted rumen contents (table 5) 
is due to their greater recovery in the chloroform- 
butanol extract preparatory to chromatographic 
separation. The percentage composition of the re- 
covered acid in the diluted and undiluted sample is 
almost identical. In view of the similarity in total 
volatile acid, it must be concluded that during the first 
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TABLE 5. Amounts of individual volatile acids per 100 g rumen 
contents in diluted and undiluted samples 


RECOV- 
ERY OF 
VOLATILE 
ACID 
1 HR 


BUTYRIC ACID | PROPIONIC ACID ACETIC ACID 
1 HR 1 HR 15R 


mEq \percent| mEq percent mEq percent) per cent 
Undiluted 0.95 | 12.2 | 1.63 | 21.0 | 5.20 | 66.8 96 
Diluted 1.01 | 12.6 | 1.68 | 21.0 | 5.33 | 66.4 100 


TABLE 6. Volatile acid in rumen contents removed 
at various times 


TIME 
EXPERIMENT NO., DATE, HOUR, | AFTER 
AND REMARKS | FEED- | j j 
inc | Ohr | thr 2hr 
| ' ‘ 


hr mEq/100 g 


TIME AFTER REMOVAL OF CONTENTS 


3hr | 4hr 


30 
8:10, animal eating 9.33. 11.86)14.30/14.26.15 
. 10:05 2 .51/12.97|13 .78)15.20/15. 
». 14:05, just drank j 4.74/16.37 17.15,18.00)18. 
. 20:05, little liquid in | | 
rumen... ie .09/17 85/19 .40 20.01 22.05 


9 
7:15 | 13) |10.48'12.0413.1013.99/15. 
9:55 8.57| 9.52/10.19/11 85/11. 

. 15:15 13.80 15.60/17 .48/17.86,17. 

. 20:00 | 118.58/19.80/21 59/21 .56 21. 

1] | | 
9:45 11 .47)12.26)13.10)14.47)15.5 


hour any alteration in the fermentation due to dilution 
with salt solution was too small to be detected. 

In estimating the total volatile acid available to the 
ruminant, the rate of production at different times of 
day must be taken into consideration. The importance 
of this was examined by removing rumen contents at 
different times during the same day and following the 
volatile acid content of each sample. The procedure 
was repeated 10 days later using the same animal, 
fistula steer number 1. It was kept on a hay diet and 
fed regularly at 8:00 and 18:00 hours until the day of 
the second experiment. On the day of the second run it 
received only a double portion of feed at 13:00. The 
results are shown in table 6. Also shown in table 6 are 
the results for one additional experiment, steer number 
12, with a hay diet. 

The time since the last feeding was considered to be 
the most important single factor affecting the rate of 
fermentation. The experiments were grouped roughly 
according to this criterion and the results for experi- 
ments 5, 7 and 10 were averaged to give the production 
rate 2 hours after feeding. Similarly, experiments 6 and 
11 were averaged to give the value at 6.5 hours and 
experiments 8 and 9 to give the value 14.5 hours after 
feeding. The results are plotted in figure 2. 

Although the experimental error in individual 
analyses is fairly large, the increases in volatile acid 
shown in figure 2 do not indicate great differences in 


¢ 2hrs after feeding 
© 65 hrs after feeding 
A 14.5 hrs after feeding 


INCREASE IN VOLATILE ACID, meq/!00g 





1 4. 4. 


I 2 > 
TIME OF INCUBATION IN HOURS 
Fic. 2. Volatile acid in rumen contents incubated at difie: 
ent times after feeding. 





volatile acid production at different times of day. 
Even 14.5 hours after the last feeding the rate ot 
volatile acid production per 100 g rumen contents is 
almost as great as at 2 hours. 

In table 6 the volatile acid concentration in rumen 
contents (zero hour) is seen to increase during the day. 
The low value at 9:55 was due to postponement of the 
morning feeding. Because, under normal feeding 
conditions, an increase in volatile acid concentration 
in the rumen during the day might be significant in 
evaluating rates of volatile acid production, some 
additional analyses for volatile acids in the rumen at 
various times were made. For one animal the volatile 
acids in both liquid and total contents were determined, 
in the other only the liquid was used. The results are 
collected in table 7. 

The tendency for the volatile acid concentration in 
the rumen to increase during the day is not as apparent 
in the data of table 7 as in the experiments reporte: i) 
table 6. Fistula animal number 2 had feed availabl« at 
all times and the diurnal variation in volatile «cid 


TABLE7. Volatile acid in rumen contents at different times oJ ‘a 
FISTULA | 
ANIMAL MATERIAL USED 


DEC.3 DEC.4 DEC.4 DEC.4  DEC.4 I 
NO. 2 


3:30 | 7:40 10:00 13:20 | 17:30 


| mEq/100 g 

| Total contents —_|11..83|13..95/14.88}16.88]15.48)1 20 
| Liquid | 9.75)13.47/13.77)14.04) 11.841 23 
Liquid iu AA| | 9.52) 8.03/10.01 
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content was less than with the first animal when it was 

fed at 8:00 and 18:00. Taking all the data into account, 

the volatile acid content during the day is somewhat 

hgher than at night, suggesting that the rate of 
oduction exceeds the rate of absorption. Absorption 
yparently exceeds the rate of production during the 
cht. 

Rumen contents for three additional experiments 

‘re removed by stomach tube from a young un- 
i-tulated bull on a diet of two-thirds grain and one- 

ird hay. These samples contained more liquid (dry 

utter about 5 per cent) than the rumen contents 
l'tained through the fistula of the hay-fed animals, 

t appeared to be quite uniform. Later, one run was 

ide on this animal during the time it was on grass 

.sturage. One run (in addition to the run reported in 
able 2) was made with the second fistula steer when it 
is on similar pasturage. The dry matter in the rumen 

ntents of the animals on pasture was also about 5 
per cent. All grain and pasturage experiments were 
performed with samples obtained by stomach tube. 
The results of these additional analyses are shown in 
table 8. 

The curves obtained by averaging the values for the 
11 experiments with hay, the 3 experiments with grain, 
and the 3 experiments, (experiments 3, 16 and 17) 
with grass pasturage, respectively, are shown in fig- 
ure 3. 

Inspection of figure 3 shows that the amount of 
volatile acid produced in the first hour on the hay 
diet was less than the amount produced from the grain 
diet, but greater than the amount from pasturage. The 
shape of the curve is that which would be expected for 
in vitro rumen contents. Fermentation slows down as 
products accumulate and the substrate diminishes. 

The average concentration of volatile acid in rumen 
contents at zero hour was 12.77 mEq per 100 g for the 


Tas.e 8. Results of experiments with animals on pasturage or 
high grain diets 


EXPERIMENT TIME SAMPLE 


IME FED 0 H 2 3 
NO, COLLECTED I FEI HR 14HR HR HR 4 HR 


High grain diet—unfistulated bull 


mEq/100 g 
15:40 12:40 (10.36 12.48/13 .85|14.56/15.18* 
9:20 6:00 8.70)10.59/11 .95) 12.73/13 .64 
14:50 6:30 8.39/10 .40 11.80/12 .07)13 16+ 


Pasturage diet—unfistulated bull 


10:00 7.78) 8.59) 9.38/10.05/10.80 


Pasturage diet—fistula steer 


| 
| 14:45 10.01)10.92)11 .69)12.35)13 .01 


* [Initial pH, 6.2; final pH, 5.4. 
t Initial pH, 6.4; final pH, 5.05. 
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Fic. 3. Volatile acid in incubated hay 
age-fed rumen contents. 





, grain- and pastur- 


hay experiments, 9.15 for the grain, and 8.30 for the 
pasturage experiments. The average increase of acid 
in rumen contents of hay-fed animals during the first 
hour of incubation was 1.37 mEq/100 g with a standard 
error of 0.15. The average increase in acid during the 
first hour with the grain diet was 2.01 mEq/100 g with 
a standard error of 0.10. The average increase during 
the first hour with the pasturage diet was 0.91 mEq/ 
100 g with a standard error of 0.05. 

The experimentally determined increases in volatile 
acid during the first hour of incubation are presumably 
less than the rates of production in the rumen because 
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Fic. 4. Estimated rates of volatile acid production in in- 
cubated rumen contents. 


of decrease in available substrate and inhibition by 
accumulation of fermentation products. The extent to 
which the rate in the rumen of hay-fed animals differs 
from that in the incubated cultures was estimated by 
determining the slope of the hay curve at various 
times, using the graphic method employed by Adams 
and Hungate (1950). The curves for the pasturage and 
grain experiments were similarly used to estimate rates. 
In figure 4 are plotted these estimated rates at zero, 
1, 2, 3, and 4 hours, respectively, for each of the diets. 

The points for the hay diet fit a fairly smooth curve 
in figure 4. The rate of volatile acid production is 
greatest initially and gradually decreases, in agree- 
ment with expectation. The estimated value of 1.42 
mEq/100 g/hr at zero hour is only slightly greater 
than the average increase in volatile acids during the 
first hour as determined experimentally (1.37). 

The relatively low increase in volatile acids in the 
pasturage runs may be explained by failure of the 
stomach tube procedure to obtain a representative 
sample insofar as solids content was concerned. 
Presumably, pasturage ingesta would resemble that 
from hay in having the major part of the microbial 
activity associated with the solids. The high increase 
during the first hour in the grain experiments is some- 
what unexpected in view of the low solids content of 
these samples, but the greater value for volatile acid 
production as compared with hay is about that which 
would be expected from the usually greater gains of an 
animal on a grain diet. It is possible, due to the greater 
digestibility of starch, that the solids in the rumen 
samples of the grain experiments were sufficient to 
support microbial activity to the same extent as in the 
rumen. 


B. Individual Volatile Acids 


Since the various volatile acids differ in nutritional 
value, an attempt was made to determine the amount 
of each. In the first analyses, involving six of the runs 


TABLEY. Amounts of individual volatile acids at zero and 4 ho 
in six experiments with hay-fed animal 


O HR PER 4 HR 
EXPERI CENT 
arse acetic | PROPI- a acetic | PROPI- will 
Maps ONIC ‘ Tr ONK TYRIC 


mEq/100 g 
2.ad “a 105 8.20 
>. 89 99 9.85 
8 ).51 105 10.11 
9 


».04 | 2 
2 
2 : 
5.40 | 1. .26 101 8.94 
3 
5 
2 


OT 
10) 
ot 
79 

10 8.33 95 10.64 

1] 12.06 98 11.92 
Mean 7.54 100.2. 9.94 


Nw Ww Ww — Ww bb te 
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TaBLeE 10. Increase in individual volatile acids during 4 ho 


incubation of rumen contents from hay-fed animals 


EXPERIMENT NO, ACETIC PROPIONIC BUTYR 


mEq/100 g 
i 2.16 1.68 
5 : 0.73 
8 3. 0.65 
9 3. 0.15 
10 a 0.89 
1] f 0.92 
Mean increase Mt . 0.837 
Standard error of mean 
increase... iy wees : .20 
Percentage Jone 21.1 


on the hay-fed steer, the experimental error in sepzra- 
tion and determination of the individual acids was 
deemed too great to permit evaluation of increases 
during the first hour and only the zero and 4-hour 
samples were analyzed. The results are shown in table 
9 and 10. 

The sum of the average increases in individu: 
volatile acids (3.98/100 g) in these six experiment: 
about the same as the increase as determined by ste: 
distillation (4.18 mEq). The slightly low value for | 
individual acids is probably due to an undetected err 
in the analys's for acetic acid at 4 hours in exp 
ment il. 

If the percentage composition in which the volati 
acids are produced at zero hour is the same as 
proportion in which they are formed during the 4 hi 
of incubation, the analytical results for increa 
individual acids at 4 hours can be applied to 
estimated zero rate. Although this identity cannot 
tested experimentally, an indication of its validity 
be obtained by comparing the composition of the a 
produced during the first hour with that of the a 
produced later. 

A single run, in which individual volatile acids wr 
determined at zero and 1 hour, was made with rw 
contents from a fistula steer on a hay diet. The t 
increase in volatile acids was 1.12 mEq/100 g. 
increase in individual acids was: acetic 0.73, propi 
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0.25, and butyric 0.20, a total of 1.18 mEq/100 g/hr. 
These are in the proportions of 62 per cent acetic, 21 
per cent propionic, and 17 per cent butyri¢ acid, as 
eompared with 60.3, 21.1 and 18.6 per cent, re- 
s} ectively, for the proportions of the volatile acids 
formed in the six hay experiments shown in table 10. 
A though, because of experimental error, these results 
from one run cannot be considered conclusive, they 
a2 at least in agreement with the assumption that 
during 4 hours of zn vitro fermentation the ratios in 
wiich the individual volatile acids are produced do 
nt change appreciably. Applying the above per- 
ccatage Composition to the estimated zero hour rate of 
1.42 mEq/100 g/hr (figure 4) the average daily caloric 
vilues of the acids produced in 100 kg of rumen 
c«ntents of the animal on the hay diet are: acetic = 
00, propionic 2600, and butyric = 3200, a total 
of 10,100 calories. 

In the experiments using rumen contents from the 
gyain-fed animals, the individual volatile acids were 
determined at zero and 2 hours. In experiment 13 there 
wus such a discrepancy between the recovery of volatile 
acid initially (108 per cent) and at 2 hours (93 per 
cent) that the results were not included in the calcula- 
tions. The remaining two experiments gave results as 
shown in table 11. 

The sum of the mean increases in individual volatile 
acids (2.87 mEq/100 g) in these two experiments is 
about the same as the increase found by steam distilla- 
tion (3.16 mEq). The estimated rate of acid production 
for the grain experiments at zero time (figure 4) was 
235 mEq/100 g/hour. At this rate, using the per- 
ceitage composition shown in table 11, the energy in 
the acids available per day per 100 kg of rumen 
contents would be: acetic = 7450, propionic = 4760, 
and butyric = 4140, a total of 16,350 calories. 

The curve for the grain experiments in figure 4 
shows an initially high value with a more rapid decrease 
in rate than is evident in the curves for hay and 
pasturage. This may be due to an inhibition by the 
increased products from the more rapid fermentation 
(final pH was 5.1 to 5.4) or to a greater depletion of 


TasLe 11. Amounts of individual volatile acids at zero and 2 
hours in two experiments with the grain-fed animal 


0 BR PER 2 HR PER 
EX}? RIMENT CENT CENT 
40. PRO- RECOV- 


' RECOV- 
»RO- | BU- 
pionic BUTYRIC ERy | ACETIC = “ 


PIONIC TyRiIC FRY 
mEq/100 g mEq/100 g 
2.24 1.38 97 3 3.00 1.99 
1.87 1.29 9 2.41 1.48 


2.06 1.34 1 27 | 1.74 | 


Mear inerease 


“tan urd error of mean increase 


“1 P se 
reree tage composition of increased acid 


TABLE 12, Ameuxis of individual volatile acids at zero and 1 


hour in three experiments with animals on pasturage 


0 aR PER 1 HR 
EXPERIMENT CENT 
NO PR« RECOV- 


BUTYRI 1 ae 
4 ( 
PIONIC ERY ACETIC! pion 


mEq/100 g mEq 
1.36 0.65 1.65 
1.38 0.84 5.3 1.68 
2.16 1.18 2 


29 
Mean 1.63 0.89 

Mean increase 

Standard error of the mean increase 


Percentage composition of increased acid 


substrate. Although the steam distillation values were 
more variable for the grain than for the hay and 
pasturage experiments, the relatively small standard 
error for the mean increase in steam distillation values 
between zero and 1 hour (2.01 + 0.10) makes it 
improbable that the greater rate for the grain experi- 
ments is due to experimental error. 

In the experiments with rumen contents from 
animals on pasturage the analyses for individual 
volatile acids were performed on the zero and 1-hour 
samples with results as shown in table 12. 

The sum of the mean increases in individual volatile 
acids (1.03 mEq) is greater than the average increase 
in total volatile acids (0.91 mEq) but the difference is 
within the experimental error involved in the two 
analyses. 

Using the zero hour rate of 0.95 mEq/100 g/hour 
(figure 4), the energy available upon oxidation of the 
acids produced each day per 100 kg of rumen contents 
in the animals on pasturage would be: acetic = 2870, 
propionic = 1950, and butyric = 2050 calories, a total 
of 6870 calories. 


C. Relation of Volatile Acid to Substrate Fermented 


In order to estimate the approximate amount of 
substrate required for the production of a given 
quantity of volatile acid, an experiment was run in 
which 430 mg of cellulose were added to 260 ml of 
sterile culture medium composed of 210 ml of inorganic 
salt solution and 50 ml of rumen fluid. Phosphate 
instead of bicarbonate buffer was used. A control 
contained no cellulose. The control and the cellulose 
culture were each inoculated with 10 ml of fresh 
rumen fluid, made anaerobic, and sealed in an all-glass 
culture flask. After 24 hours of incubation at 38 C all 
the cellulose had disappeared. After 48 hours both 
control and experimental flasks were sterilized in the 
autoclave and, after cooling, were opened and analyzed 
for volatile acid. The experimental flask contained 3.12 
mEq more volatile acid than the control. Assuming 
that the ratio between substrate fermented and acids 
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produced was the same in this experiment as in the 
rumen, calculation shows that 4686 g or 10.35 pounds 
of feed per day would be fermented in producing 34 
equivalents of volatile acid, the amount estimated to 
be formed in 100 kg of rumen contents of the hay-fed 
animal. 

Discussion 

The fact that in the hay and pasturage experiments, 
the increase in volatile acid during the second hour of 
incubation (tables 7 and 8) was almost as great as 
during the first hour, supports the assumption that the 
imposed culture conditions did not rapidly alter the 
rate of the rumen fermentation. This was further 
indicated by the negligible influence of dilution in 
experiment 3. 

The error in estimating zero hour rate was greatest 
in the grain experiments. Steam distillation values at 
one-half-hour intervals would have been preferable in 
these runs and the relatively rapid increases in volatile 
acid would have made such determinations practicable. 

The present studies have not disclosed any great 
differences in the intensity of fermentation in rumen 
contents removed at different times of day. This 
result does not necessarily contradict those (Phillipson, 
1942; Hale et al., 1947) in which a cycle of fermentative 
activity has been shown to follow ingestion of feed. 
Acid production per unit volume or weight of rumen 
contents can accurately reflect the total acid production 
only if the volume of rumen contents remains the same. 
Since the rumen volume is not constant the differences 
in total volatile acid production in a given animal 
during the day could be due to changes in the rumen 
volume rather than to different intensities of microbial 
activity per unit volume. Differences in the availability 
of feed at various times during the day also affect the 
uniformity of the fermentation. 

To calculate the total production of volatile acids in 
the bovine animal it is necessary to make some estimate 
of the average volume of the rumen contents. A perusal 
of the literature shows widely varying reports of 
bovine rumen volume. Sisson (1914) lists values as 
high as 60 gallons (227 kg) for large animals down to 
25 gallons for small animals. Elsden ef al. (1946) 
found 54 kg of rumen and reticulum contents in a 
364-kg steer and 36.8 kg in a 182-kg steer. Winogra- 
dowa-Fedorowa and Winogradow (1929) reported the 
volume of rumen and reticulum contents as ranging 
between 56 and 87 kg. Blamire (1952) obtained an 
average weight of 43.4 kg for the rumen plus reticulum 
contents of 11 mature cows. Eleven oxen averaged 
36.5 kg, five heifers averaged 30 kg. and one bull 
contained 65 kg of rumen contents. The weight of the 
contents in all these animals averaged 68 per cent of 
the total weight of the rumen and reticulum. Hoflund 
(1940) found the weight of the combined rumen and 


reticulum of Swedish Red cattle to vary between | | 


and 105 kg. If the contents averaged 68 per cent. >f 


the total weight, Hoflund’s figures would indicate 4) 4 
to 71.4 kg as the weight of rumen contents, an avera ‘¢ 
of 56.4 kg. 

The values of both Blamire and Hoflund wy ve 
obtained on abbatoir animals in which the rum 1 
contents would be expected to be less in amount th i 
in others more regularly fed. The breed and weights 
the animals cited by Blamire were not reported a \( 
his values appear low if referred to a 500-kg anim \l. 
Mature animals of the breed studied by Hoflund wei :} 
about 500 kg (Garm, 1949). 

If the weight of rumen contents be assumed prop: r- 
tional to the three-fourths power of the weight of the 
animal, Elsden’s figures give about 70 kg as the weight 
of rumen contents in a 500-kg animal. Assuming that 
Winogradow’s average value of 71.5 kg referred to an 
average weight of 500 kg for the whole animal, these 
two estimates agree fairly well. They are somewhat 
higher than the values of Hoflund for abbatoir animals, 
but lower than the volumes reported by Sisson. 

If 70 kg be taken as the average weight of rumen 
contents in a 500-kg cow, the total calories availatle 
to the animal by oxidation of the volatile acids formed 
in the rumen can be calculated from the results of the 
present investigation. A hay-fed animal would obtain 
7,070 calories, a grain-fed animal 11,450 calories, and a 
grass-fed animal 4,810 calories, through oxidation of 
the volatile acids. Armsby and Moulton (1925 
estimated the maintenance requirement of a 1,000-l) 
bovine as 7,300 calories. Assuming that the energy 
requirements are proportional to the three-fourths 
power of the weight (Kleiber, 1947), a 500-kg bovine 
would require 7,850 calories per day for maintenance. 

Exact nutritional data were not available for all 
the animals used in the present experiments. ‘lhe 
fistulated animal used in the hay runs showed an 
average daily gain in weight of 0.75 lb. Its weight at 
the time of the experiments was 500 kg. If the available 
energy in its food be estimated at 10,800 calories, ‘he 
valculated caloric value of the volatile acids produced 
in this animal is 66 per cent of the total. 

Using the results of the in vitro experiment in sect! 
C, showing that 10.35 lb of feed would be fermente 
in the production of 34 equivalents of volatile acid, | 
quantity of substrate fermented in a 500-kg animal 
would be expected to be about 7.25 pounds. The usual 
total digestable nutrients (TDN) requirement 
maintenance of a 500-kg animal is about 8.5 pou id 
(Bull and Carroll, 1949). Since the animal gained s: 
weight during the period of experimentation 
nutrient supply was greater than 8.5 pounds. Assu! 
that 2.5 lb of digestible nutrients above mainten: 
level were needed for the weight increase of 0.75 |b pe! 
day, the TDN ingested by the hay fed animal woul: be 
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11.0 lb. The volatile acids from the rumen fermentation 
would require for their production about 66 per cent 
of the TDN. 

The grain ration of the unfistulated bull was designed 
for fattening. If the caloric value of its feed be estimated 
at 16,000 calories, the volatile acids from the rumen 
fe mentation would meet 71 per cent of the total. 
A\though in the pasturage experiments the inadequacy 
of the sampling technique gave low values, the calcu- 
la'ed rate of the volatile acid production would meet 
1 per cent of the maintenance requirement. 

Che agreement between the estimates of the relative 
importance of the rumen fermentation for the hay and 
grin experiments is fairly good and it may be tenta- 
tively concluded that the volatile acids produced in 
the rumen account for about 70 per cent of the total 
energy requirement. The mechanisms by which the 
remaining requirement is met presumably include 1) 
digestion of protein and other materials in the abo- 
masum, 2) fermentation in the large intestine, and 3) 
formation in the rumen of additional products such as 
lactic and succinic acids. The chief errors in the 
calculated values arise: 1) in obtaining representative 
samples of rumen contents, a source of error empha- 
sized by Pearson and Smith (1943); 2) in the estimation 
of average rumen volume; and 3) in the assumption of 
an average fermentation rate, an error partially met by 
making repeated runs and by determining rates at 
various times of day. 

The average proportions in which the individual 
acids were produced from the various feeds were quite 
similar. This may be a coincidence since the standard 
error in determination of the separate acids is relatively 
large. Card and Schultz (1953) reported that the 
amounts of the individual volatile acids in rumen 
contents of animals on various diets disclosed small but 
significant differences. 

In the six hay experiments the percentages in which 
the various volatile acids occurred in the zero hour 
sample were: acetic 62.9, propionic 23.0, and butyric 
l4.1. The acetic acid formed in 4 hours constituted 32 
per cent of that initially present, the propionic acid 
30.4 per cent, and the butyric acid 43.7 per cent. 

In the two grain experiments the initial percentages 
were: acetic 58.1, propionic 25.4, and butyric 16.5. 
The acid formed in 2 hours constituted the following 
percentages of the amount of each initially present: 
acetic acid 38.5, propionic acid 31.5, and butyric acid 
30.0 

li the three pasturage experiments the initial 
perc ntages were: acetic 67.8, propionic 20.8, and 
buty "ie 11.4. The acetic acid formed in 1 hour was 11.7 
per -ent of that initially present, propionic acid 14.7 
per cent, and butyric acid 19.1 per cent. 


Tie results suggest that more extensive investiga- 


tions using this method might disclose significant 
differences in the proportions of the volatile acids 
produced on the different diets, but the error in analysis 
is so great that the results of the present experiments 
cannot be regarded as conclusive. 

In the above data there is a negative correlation 
between the relative rate of production of a particular 
acid and the initial proportion in which that acid 
occurs. In the pasturage experiments in which the 
acetic acid was initially 67.3 per cent of the total 
volatile acid, its increase was relatively less than that 
of propionic or butyric acid. In the grain experiments 
in which acetic acid constituted only 58.1 per cent of 
the initial acid, its relative increase was greater than 
for either propionic or butyric acids. The data for the 
hay experiments are consistent with these trends. The 
results suggest that the greater the proportion in which 
a particular acid is present, the less the proportion in 
which it is produced. 

It is highly probable that the accumulation of un- 
dissociated volatile acids is an important factor causing 
a diminution of volatile acid production with time. In 
experiment 13 with the grain-fed animal, the initial pH 
of rumen contents was 6.2 and the pH after 4 hours of 
incubation was 5.4. In experiment 15 the initial pH of 
6.4 fell to 5.05 after 4 hours. During this change in 
pH the rates of volatile acid production fell from 2.35 
mEq at zero hour to 0.70 at 4 hours (figure 4). If 
accumulation of undissociated volatile acids is effective 
in inhibiting the total fermentation it seems possible 
that changes in the proportions of individual acids 
may influence their relative rates of production. 

It should be mentioned that the theoretically most 
accurate method for ascertaining the importance of the 
individual volatile acids would be to construct for each 
a curve such as those shown in figure 3 and to determine 
graphically the zero hour rate. The sum of the zero 
hour rates for the individual acids should equal the 
zero hour rate for total volatile acid. The magnitude of 
the analytical work needed to provide curves with 
sufficient accuracy to permit reliable estimates of zero 
hour rates placed this approach outside the scope of 
the present investigation. 

The purpose of the present studies was more to 
explore the method than to provide a high degree of 
statistical accuracy. Additional experiments on nu- 
merous animals, preferably in different geographic 
locations, together with information on rumen volumes, 
will be needed to establish more accurate norms for 
the rumen fermentation in animals on various types of 
feed. The results obtained thus far do support the 
hypothesis that the major part of the bovine energy 
requirement is met by the volatile acids produced in 
the rumen and encourage the belief that the method 
has potential value in analyzing the physiology of food 
utilization in the ruminant. 
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SUMMARY 


The rate of volatile acid production in the bovine 
rumen was estimated by constructing a curve showing 
total volatile acid at various times in rumen contents 
incubated under conditions simulating those of the 
rumen. The slope of the curve at zero hour, that is, the 
rate of production of volatile acid in the rumen, was 
‘calculated. The volatile acids were separated into acetic, 
propionic, and butyric fractions and the rate of 
production of each of these was estimated. 

The most information was obtained for animals on a 
hay diet but three runs were made on grain-fed and 
grass-fed animals, respectively. The grain-fed animals 
showed the highest rate of production of volatile acid, 
the hay-fed were intermediate, and the pasturage 
animals showed the lowest rate. The low values for 
pasturage can be accounted for by failure to obtain 
representative rumen samples. By estimating the 
average rumen volume a rate of production for the 
animal was calculated. The energy available from the 


fermentation acids was found to be about 70 per cent 
of the estimated total energy requirement. 

The largest sources of error in the estimations were 
the sampling of rumen contents, the estimation of 
average rumen volume, and the variation in fermenta- 
tion rate with the time of day. 
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\s part of a program of fundamental research on the 
le erioration of rough rice, investigations were con- 
lu:ted to determine the nature of the microflora under 
lif erent conditions of storage. The influence of storage 
on the microbial populations in two lots of freshly com- 
bined, naturally moist, rough rice stored in a sealed, 
commercial, glass-lined bin has been reported (Teunis- 
so, 1954). Bacteria survived and molds markedly de- 
creased but yeasts proliferated in this type of storage, 
where essentially anaerobic conditions developed within 
afew days. This storage was not accompanied by heat- 
ing but resulted in loss in seed viability and yielded 
seeds of low quality due to the sour odor and discolora- 
tion of the kernels. This report is concerned with the 
types of yeasts isolated aerobically and a determination 
of their ability to utilize some of the constituents of 
sound rice and possible components of deteriorating rice. 


MertTHops 


The bin used, located in Crowley, Louisiana, has 
heen described (anonymous, 1950). On one occasion, 
262 barrels of freshly harvested, rough, Rexoro rice with 
a moisture content slightly higher than 18 per cent was 
stored for 7 months after the bin was sealed. Subse- 
quently, 360 barrels of freshly harvested, rough, Zenith 
rice with a moisture content of 19.3 per cent was stored 
in the sealed bin for 34 days. At the end of the two 
storage periods, samples were taken from various layers 
inthe piles noted later by the method already reported 
Teunisson, 1954). No control sample of the Rexoro 
rice was available, but a composite sample of the Zenith 
rice was obtained while the bin was being filled. The 
composite sample was air-dried at prevailing atmos- 
pheric temperatures to a moisture content of 9.1 per 
cent and stored in a paper bag in the laboratory until 
analyzed. 

Microbiological analyses were made on seeds ground 
asep'ically in an intermediate type Wiley mill’ to pass 
i 20 mesh screen. Ten grams of the ground seed were 
mixed with 90 ml of sterile distilled water in a sterile 
War ng blendor? cup for 1 minute. Serial dilutions made 


Cne of the laboratories of the Southern Utilization Re- 
scare’. Branch, Agricultural Research Service, United States 
Depa “ment of Agriculture. 

*T.e use of trade names in this article is for identification 
ind is plies no endorsement of the manufacturer or the prod- 
let. 


from this suspension were plated for aerobic organisms 
in tryptone glucose agar (Difco?), pH 7, and Waksman’s 
agar, pH 4, as described by Skinner, Emmons, and 
Tsuchiya (1951). 

The characteristics of the yeasts were determined by 
the methods described in detail by Wickerham (1951). 
His rules for determining true, pseudo, and intermediate 
hyphae were used. All of the compounds which he sug- 
gests were used in the assimilation tests. 

Kisenberg’s Nile Blue sulfate medium (1939) was used 
for testing lipolysis. Sweet potato starch in 0.1 per cent 
concentration in Difco? nutrient agar was used for 
testing starch hydrolysis.’ 

The following media were used in the same size tubes 
Wickerham recommends for the assimilation tests. One 
tube of each medium in the quantity noted below was 
inoculated with 0.1 ml of the same inoculum used in 
those tests. 

Sodium polypectate gel. Sodium polypectate gel (2.5 
per cent concentration) without added nutrients was 
made by the method described by the California Citrus 
Growers Exchange (1943). To each liter of the medium 
at 85 C, 50 ml of calcium chloride solution containing 
2 mg calcium per liter was added rapidly with stirring. 
While hot, the medium was dispensed in 5-ml lots. The 
pH (unadjusted) was 5.5 after sterilization by auto- 
claving at 120 C, 15 lbs pressure, for 15 minutes. 

Sodium carboxymethylcellulose medium. A 0.5 per cent 
aqueous solution of sodium carboxymethylcellulose 
(commercial) was dispensed in 4.5-ml lots. The pH 
was not adjusted. The medium was sterilized as above, 
and then 0.5 ml of Wickerham’s (1951) nitrogen base 
medium (Difco?) of 10-fold concentration was added 
aseptically to each tube. 

Rice oil and fatty acids media. 

1. Rice oil Og 
Mineral oil q.s......... .O ml 


2. Oleic acid 7 g£ 
Mineral oil q.s. .O ml 
3. Linoleic acid. es 45 ¢ 
Mineral oil q.s...... .O ml 
. Palmitie acid .62 g 
Mineral oil q.s.. .O ml 

’ Tested after 7 days’ incubation by the method described 


in Manual of Methods for Pure Culture Study of Bacteria, edited 
by Society of American Bacteriologists. Leaflet 5, 20, 1951. 
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TABLE 1. Estimated numbers of yeasts per gram of rough rice 
stored in a sealed glass-lined bin' 


YEASTS 


ROUGH RICE DEPTH IN PILE 


Filamentous 
Total in isolation 
medium 
Thousands 
Rexoro stored 7 1,070 1,040 
months : 2,245 1,930 
: 88 79 
6.5 * 2 1.8 
10 - 12 10.8 
Bottom 18 17.3 


Thousands 


Zenith stored 34 days Top 000 | >53,000 
0.5 ft. 000 >4,200 
4.0 “ 2,400 1,700 
6.0.4 157 35 
| a 420 Few 
3 * 134 Few 
Bottom 280 Few 


Zenith air-dried con- <1 
trol 


1Waksman medium (Semeniuk ef al., 1947) incubated 5 
days, 26 to 28 C, aerobically. 


Each of the above solutions was dispensed in 0.2-ml 
lots in 4.5 ml water. Thus each tube received approxi- 
mately the same amount of carbon as that in the glucose 
used in the carbon assimilation tests. The media were 
autoclaved at 120 C, 15 lbs pressure, for 15 minutes. 
After the media cooled, 0.5 ml of Wickerham’s (1951) 
nitrogen base medium (Difco) of 10-fold concentration 
was added aseptically to each tube. After inoculating, 
the cultures were incubated on a reciprocating, mechani- 
‘al shaker. Shake cultures were used to increase the 
available surface of the water-insoluble compounds to 
the yeasts. 

All the cultures were incubated at 25 C except those 
used for testing growth at 37.5 C. 


RESULTS 
Populations and Types of Yeasts 


In the studies of the storage of rough rice in this 
laboratory (Teunisson, 1954), the incidence of yeasts 
isolated aerobically from sound, air-dried rice (includ- 
ing the Zenith rice before storage in the sealed bin) 
was less than 1000 per gram.‘ On the other hand, from 
freshly combined rice stored in sealed containers in the 
laboratory the yeast population ranged from 1000 to 
8,500,000 per gram. Del Prado and Christensen (1952 
found a “mold” count of 6.3 millions per gram, com- 
prised solely of Candida pseudotropicalis, in artificially 
conditioned rice stored in sealed bottles. They state 
that “the count was very much higher than the original 
one.” 


4 Dilutions below 107% were not cultured. 


Yeasts proliferated in both lots of rice stored in 1 \¢ 
sealed bin. The approximate numbers of filamentc is 
and nonfilamentous yeasts isolated aerobically fr: m 
the rice stored in the sealed bin are recorded in table | 
In the Rexoro rice stored 7 months in the sealed }) ». 
the predominant yeasts were so filamentous in the iso a- 
tion medium after 2 days’ incubation that they w: re 
thought to be molds. All the filamentous strains from 
the various levels of the pile of rice were Endomyco; 
chodati (Nechitch) Wickerham and Burton. The nin- 
filamentous yeasts were Hansenula anomala (Hans: \) 
Sydow and Pichia farinosa (Lindner). H. anomala \. as 
more numerous and was predominant in the top lay: rs. 
The relative numbers of P. farinosa increased not :e- 
ably in the deeper layers. Both types from the deeper 
layers produced mostly mat colonies in the isolation 
medium. 

In the Zenith rice stored 34 days, almost as many 
nonfilamentous as filamentous strains were found, ut 
the total yeast population was greater than in the rice 
stored 7 months. Three types of filamentous yeasts 
were found in the two upper layers. FE. chodati and 
Candida krusei (Cast.) Berkhout were the predominant 
types, roughly about 80 per cent of the total number 
isolated. FE. chodati occurred in the greater numbers. 
The other type found was Oospora lactis (Fres.) Sace. 
In the layer 4 feet from the top, FE. chodati was pre- 
dominant but one originally very filamentous strain Was 
H.anomala. From the 7-foot level, one strain of Candida 
tropicalis (Cast.) Berkhout was isolated. Fourteen 
strains of nonfilamentous yeasts were studied and all 
were H. anomala. From the deeper layers, most of the 
nonfilamentous strains formed dull white colonies in 
the isolation medium. 


Characteristics of the Types of Yeasts 

The results of the carbon assimilation and fermenta- 
tion tests of each type are given in table 2. 

The salient characteristics of the strains identified 
as Candida krusei (Cast.) Berkhout, Candida tropicalis 
(Cast.) Berkhout, and Pichia farinosa (Lindner 
Hansen corresponded with those of the type organisms 
described by Lodder and Kreger-van Rij (1952). Thos: 
of P. farinosa also corresponded to those of the type 
described by Nickerson (1944). The morphologica! «nd 
cultural characteristics of the strain identifie: 
Oospora lactis (Fres.) Sace. corresponded with tho 
the type organism described by Berkhout (1! 
Skinner, Emmons, and Tsuchiya (1951), and Gili: 
(1949). Its characteristics, especially the physiolo 
reactions, were similar to those of a strain of O. | 
obtained from the Northern Regional Research La! 
tory. The strains identified as Hansenula ano’ 
(Hansen) Sydow have the characteristics of the yp 
species described by Wickerham (1951); except ‘hat 
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the production of esters was not detected in malt- 
extract yeast-extract agar. 

Endomycopsis chodati (Nechitch) Wickerham and 
Burton was first isolated by Nechitch (1904) from fer- 
menting rice and reported as Dematium chodati, but it 
wis later recognized as a yeast by Berkhout (1923) 
ad given the name Candida chodati. The perfect form 
of this yeast was first observed by Wickerham and 
Burton (1952). According to the latter authors, this 
yeast is world-wide in distribution and exists in nature 
predominantly as haploid mating types. 

Kight strains were nonsporogenous until they were 
erossed with strains of Candida chodati, as suggested 
by, Wickerham. The characteristics of these eight strains 
and two others noted below corresponded to those of 
strains he and Burton (1952) found occurring as hap- 
loid mating types. Five strains mated with NRRL 
Y-1933, which had been sent to Wickerham by Cyro 
G. Teixeira, Instituto Agronomico, Brazil, and had 
been isolated from pollen carried by wild bees. Three 
strains mated with NRRL Y-1938, which was _ re- 
ceived by Wickerham from Robert W. Stone, Depart- 
ment of Bacteriology, Pennsylvania State College, and 
was isolated from silage. Typical hat-shaped and some 
spheroidal spores were formed in both groups after the 
conjugation of heterogametes, which were connected 
with relatively long tubes. The bodies of the hat-shaped 
spores formed by mating one of the strains and NRRL 
Y-1933, for example, were 1.3-1.9 x 2.5u and their 
brims were 2.9-3.2u wide. Two, three, and four spores 
per ascus, and numerous naked spores and burst asci 
occurred. 

Two other strains did not form spores with either 
mating type. However, these strains formed conjugat- 
ing cells when crossed with one of the NRRL mating 
types. 

The dalmau colonies were flat except for a raised 
central area of glistening, yeast-like growth, which was 
usually covered with tiny, moist spines or wet, tangled 
masses of rope-like hyphae, and surrounded by very 
low, powdery, aerial hyphae; remainder of the colony 
was composed of prostrate hyphae. True hyphae oc- 
curred aerobically and anaerobically. Heavy, white, 
moist pellicles were formed but rings were not pro- 
duced. 

Some characteristics of all the types isolated are of 
interest. All the types formed pellicles in broth. All 
formed pseudo hyphae, and four of the six types formed 
true hyphae, aerobically and anaerobically, in dalmau 
cultures. P. farinosa and H. anomala did not form true 
hyphae, 

Nitrate was assimilated only by H. anomala. Added 
Vituinins were required only by O. lactis and C. tropi- 
cali: All the types grew under moderate osmotic pres- 
sure except O. lactis. Most of the strains of all the types 
grew well at 37.5 C except those of C. krusei and O. 


lactis. Only EF. chodati and P. farinosa liquefied gelatin 
and these liquefied it only moderately. All the strains 
produced blue colonies on Eisenberg’s medium, indicat- 
ing acid production, but only O. lactis and (. tropicalis 
were lipolytic, producing large blue zones of clearing 
around the colonies. Only EF. chodati hydrolyzed starch. 
None synthesized starch in the carbon assimilation 
broths. The production of esters by any of the strains 
was not detected in malt-extract yeast-extract agar. 
Only one strain of FE. chodati and the strain of O. lactis 
liquefied sodium polypectate. 


DISCUSSION 


In developing optimum conditions of storing rice, 
it is necessary to determine the reasons for the effect 
of anaerobic storage in influencing the proliferation of 
yeasts. It is also important to consider the significance 
of the development of the yeasts in relation to their 
possible effects on the constituents of sound rice or pos- 
sible constituents of deteriorating rice. Examination 
of the data brings out certain points which are pertinent 
to these questions. 


Conditions of Storage that Probably Affected 
Growth of Yeasts 


Observed conditions in the bin that probably affected 
the growth of the yeasts are heat, carbon dioxide con- 
centration, moisture content, pH, and viability of the 
seeds. 

Although several of the yeasts (strains of C. krusei 
and QO. lactis and many strains of FE. chodati and H. 
anomala) isolated in the upper layers of the piles of rice 
did not grow at 37.5 C in broth, they withstood temper- 
atures up to 38.9 C in the bin. 

Anaerobic conditions were demonstrated at the end 
of the first experiment when the rice was stored 7 
months. The concentration of carbon dioxide was not 
tested sooner. In the second experiment, anaerobic 
conditions in the seeds were shown on the second day of 
storage, and in the air above the rice on the third day. 
However, several observations suggest that the yeasts 
may have proliferated before anaerobic conditions oc- 
curred. The yeast populations paralleled those of the 
aerobic bacteria in the various layers of both lots of rice. 
The types of yeasts isolated are essentially oxidative 
forms, since all the types produced pellicles in broth, 
and there was a predominance of mat colonies in the 
isolation medium (L. J. Wickerham, personal com- 
munication). 

The most important factor enhancing the growth of 
the yeasts as well as the bacteria in the surface layers 
of both piles of rice is the translocation of moisture to 
these areas (Christensen, 1951; and Semeniuk ef al., 
1947) with a subsequent increase in relative humidity in 
the interseed atmosphere. The latter condition in- 
fluences microbial growth. Although molds can grow at 
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TABLE 2. Physiological reactions on carbon compounds by types of yeasts isolated from rice stored in a sealed bin! 


Hansenula Endomycopsis 
J ’ as , : , 
CARBON SOURCE anomala, chodati, I ichia farinosa, | Candida krusei, Oospora lactis, 
. 7 strains 2 strains 1 strain 


Candida 
tropical 


25 strains 10 strains 1 strain 


Assimilation reactions: 
. Glucose 
. Galactose 
L-Sorbose 
. Maltose 
5. Sucrose 


). Cellobiose 
. Trehalose 
Lactose 
. Melibiose 
Raffinose 


. Melezitose 
Inulin 

. Soluble starch 

. D-Xylose 
L-Arabinose 


. b-Arabinose 

. bD-Ribose 
L-Rhamnose 
p-Glucosamine hydrochloride 
Ethyl alcohol 


. Glycerol... 
. t-Erythritol 
. Adonitol.. 
Dulcitol 

. b-Mannitol 


to te te 
te 


3 
1. 


to 


te 
wow 


. dD-Sorbitol 

. a-Methyl-p-glucoside 

. Salicin 
Potassium-p-gluconate 

. Caleium-2-keto-p-gluconate 


Potassium-5-keto-p-gluconate 
Potassium-hydrogen-saccharate? 
Pyruvic acid 
. DL-Lactic acid 
35. Succinic acid 


. Citric acid 
Ethyl acetoacetate 
. t-Inositol 
. Palmitie acid 
Linoleic acid 
. Oleic acid 
. Sodium carboxymethylcellulose 
3. Rice oil.. 
Fermentation reactions: 
4. Glucose + Slow 
Slow ' = 
Slow x 


. Galactose 
. Maltose. . 
. Sucrose 


+++4++4 


Lactose Alk. 
. Raffinose 


. Melibiose. . 
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a relative humidity of 75 per cent or less, most yeasts 
juire 80 to 90 per cent, according to the review of 
iIner (1951) on this subject. A relative humidity of 
per cent or higher was possible in the interseed at- 
sphere with seeds of 18 to 19 per cent moisture con- 
it at 32 C (Fenton, 1941; Gallaher, 1951; and Karon 
d Adams, 1949). J. T. Hogan (personal communica- 
mn) has shown that rough rice of this moisture con- 
it at 33 C (which occurred in the seeds) is in equilib- 
im with the atmosphere at a relative humidity of 
to 94 per cent and at 40 C (which occurred in the air 
ove the rice) is in equilibrium with the atmosphere 
a relative humidity of 94 to 95 per cent. After both 

torage periods, the surface seeds were visibly wet, and 
‘re were droplets of water on the walls of the bin 
we the rice. The moisture content of the seeds in 
: surface layer of the second lot of rice increased 
lmost 8 per cent. 
The pH of the seeds before (6.7 to 7.0) and after 
5 to 7.0, 5.1 in one layer) storage was suitable for 
ist growth. The loss in seed.viability probably en- 
uneed it (Milner and Geddes, 1945; and Oxley, 1948). 
Unfavorable temperature, partial anaerobiosis, and 
nutrition enhance the mycelial form of dimorphic 
casts (Scherr and Weaver, 1953; Skinner et al., 1951; 
d Wickerham and Rettger, 1939). The filamentous 
ypes isolated are of particular importance because the 
rice appeared to be molded, being covered with a white, 
crusty substance which was sometimes powdery. This 
was especially noticeable in the surface layers which 
were matted and caked. True mold growth was in- 
hibited, but four of the six types of yeasts produced 
true hyphae as defined by Wickerham (1951), both in 
aerobic and anaerobic dalmau cultures, and all produced 
pseudo hyphae. Similar results were found in freshly 
combined rice stored in sealed containers in this labora- 
tory (Teunisson, 1954) and by Christensen and Gordon 

(1948) in sour corn. Other workers, including Semeniuk, 

Nagel, and Gilman (1947), found matted surface seeds 

due to true mold growth in grain stored in unsealed 

bin S. 


Utilization by the Yeasts of Substrates Similar to Some 
Constituents of Rice 

The possible effects of the different types of yeasts 

on ‘he constituents of sound rice, or on possible com- 

ponents of deteriorating rice, are suggested by their 

rea: tions on various pure substrates. Some of the known 

components of sound, rough rice shown to be utilized 


larg 


are starch, which constitutes 69.7 per cent of rough rice ; 
rice oil, which comprises 8 to 17 per cent of the bran 
and rice polish; the fatty acids oleic (41.0 to 45.6 per 
cent of the oil), linoleic (27.6 to 36.7 per cent of the oil), 
and palmitic (12.3 to 20 per cent of the oil), as reported 
by MeCall, Hoffpauir, and Skau (1951); and glucose, 
sucrose, and raffinose, shown to be present in brown, 
white and parboiled rice by Williams and Bevenue 
(1953). Goodman and Christensen (1952) also have 
shown that corn oil and fatty acids are utilized by fungi. 

Only two strains, one of the 2. chodati strains and 
the O. lactis strain, liquefied sodium polypectate with- 
out added nutrients. The organisms which have the 
latter ability may belong to the group of ‘soft rot 
organisms,”® and are possible plant pathogens, ac- 
cording to Oxford (1944). Jones (1946) stated that lique- 
faction of a pectate gel and loss of coherence of plant 
tissue appear to be correlated. 

The results of the present study indicate that most 
of the yeasts isolated are potential agents of spoilage of 
the oil in rice bran, or at least could be the cause of off- 
flavors and odors by breakdown of the natural con- 
stituents of rice. 

Possible constituents of deteriorating rice are the 
by-products of microbial action on starch, fat, fatty 
acids, and cellulose which are among the 44 carbon 
compounds tested in this study. 

Most of the types of yeasts found in the stored rice 
have been isolated from lactic acid substrates, and FL. 
chodati, H. anomala, O. lactis, and some species of 
Pichia have been isolated from silage, according to 
L. J. Wickerham (personal communication) and 
Skinner, Emmons, and Tsuchiya (1951). 

Although the greatest microbial populations oc- 
curred in the surface layers of the rice piles, the by- 
products formed there by microbial action could affect 
the odor and flavor of the seeds in the deeper layers as 
well. 
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alues in parenthesis refer to different results obtained by L. J. Wickerham of the Northern Regional Research Laboratory on 
x numbers of strains of the same species from various sources, and were received in a private communication. 
means growth where it refers to assimilation, gas where it refers to fermentation. 


neans no growth where it refers to assimilation, no gas where it refers to fermentation. 


V neans variable. 
sually +. 
{ sually weak. 


W means weak. 
‘ Often slow or weak. 
5 Often weak. 


A means acid, no gas. 


Alk. means an alkaline reaction. 


6 Usually negative. 
7 Or potassium sodium saccharate. 
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tory, Peoria, Illinois. Dr. Wickerham checked the as- 
similation data against those of his known strains, sug- 
gested testing some of the strains for mating types with 
strains which he supplied, and he and Mr. Burton re- 
peated some of the assimilation tests in their laboratory. 

dr. Stodola provided carbon compounds which were not 
available commercially. 


SUMMARY 


The greatest changes in microbial populations in two 
lots of freshly combined rough rice stored in a sealed 
bin were an inhibition of mold growth and a marked 
proliferation of yeasts. 

The types of yeasts isolated from the rice stored 7 
months were Endomycopsis chodati (Nechitch) Wicker- 
ham and Burton, Hansenula anomala (Hansen) Sydow, 
and Pichia farinosa (Lindner) Hansen. Those found in 
the rice stored 34 days were FE. chodati, Candida krusei 
(Cast.) Berkhout, Oospora lactis (Fres.) Sace., Candida 
tropicalis (Cast.), and Hansenula anomala. 

The yeasts isolated withstood temperatures of 38.9 C, 
anaerobiosis, or at least conditions of very low oxygen 
tension, even though they are essentially oxidative 
forms. The occurrence of the largest populations in the 
surface layers of the rice is due to a translocation of 
moisture to this area and a subsequent increase in rela- 
tive humidity there. The pH of the seeds was suitable 


for yeast growth and the loss in seed viability probably 
enhanced it. 


The possible effects of these yeasts upon the con- 
stituents of sound rough rice, and on possible com- 
ponents of deteriorating rough rice, are suggested by 
their reaction on various substrates. The results ob- 
tained suggest that the yeasts are potential spoilage 
agents of stored rough rice and that they could produce 
off-flavors and odors in stored rice. The souring of rice 
in the sealed bin for the periods used is apparently 
similar to the fermentation of silage. 
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rdinarily, the more rapid deterioration of raw milk 
in summer than in winter is attributed chiefly to higher 
teaperature conditions of the milk following § pro- 
duction. The failure to keep milk at as uniformly low 
temperatures in summer as in winter seems to be the 
most obvious cause of the faster bacterial develop- 
ment. In addition, as suggested by Rowlands and 
Hoskings (1951), it is probable that initial contamina- 
tion during production is higher in summer than in 
winter. 

Some reports in the literature imply that other un- 
considered factors also may be involved. Dahlberg 
(1946) found that, in pasteurized milk at similar 
holding temperatures, coliform bacteria grew faster in 
warm summer weather than in the cooler weather of 
October. Burgwald and Josephson (1947) reported 
that, with pasteurized milk in storage, all bacteria 
developed more rapidly in summer than in winter. 
They suggested that the causes might include some- 
what higher refrigerator temperatures in summer, a 
greater temperature shock given the experimental 
samples in summer, or possible differences in micro- 
flora of summer and winter milks. Wilson and Weiser 
(1949) stated that Escherichia coli, inoculated into 
sterilized milk, multiplied faster at 10 C in summer 
than in winter but suggested no specific explanation. 

It is possible that there are seasonal differences in 
milk composition that affect bacterial growth. The 
earlier work of Elvehjem et al. (1934) and Stirn et al. 
1935) with rats would seem to lend. support to such a 
possibility. Gibshman (1948), in studying lactic acid 
streptococci, considered that seasonal differences in 
the composition of milk were responsible for the 
development of the rough colony variants that occurred 
in winter but were not found in summer. Pounden and 
Pratt (1953) concluded that variations in the resistance 
of milk to the development of Streptococcus agalactiae 
resulted from the rations fed to the cows. 

Ai this station, in one phase of the study involving 
potential sources of milk contamination on farms, the 
leng'h of time required for the development of defects 
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in milk inoculated from the various sources was 
recorded. Although the work was not designed to 
investigate the relative growth rates of bacteria in 
milk during summer and winter, the results are reported 
as further evidence that seasonal influences other than 
holding temperatures of the milk are involved. 


MetTHops 

Over a l-year period, sterilized milk samples were 
seeded with inoculum obtained from potential sources 
of contamination on three grade-A dairy farms. The 
sources included utensils, teat-cup liners, wash tank 
and floor water, manure and feed, and water from the 
farm supply. The inoculating materials were obtained 
in sterile containers by either swabbing or direct 
sampling, depending on the nature of the source, and 
were iced at the farms and returned to the laboratory. 
Samples of raw milk from the farms involved were 
obtained at the milk plant on mornings following the 
farm visits. Duplicate samples of sterilized milk 
inoculated with material from the various sources, 
together with the raw milk samples, were held at 10 
and 24 C. Techniques were the same during both 
summer and winter. The time in days, required for 
production of definite quality changes as manifested by 
odor and appearance, was recorded for 451 samples. 
For the purpose of comparing seasonal differences, the 
period from April to September inclusive was designated 
as summer and the remaining months as winter. 

RESULTS 

When the holding temperature was 24 C, the observed 
average length of time for defects to develop in all 
samples inoculated from the different sources, together 
with the raw milk samples, was 2.7 days in summer 
and 3.4 days in winter (table 1). The difference is 
significant statistically (P < .02) as shown by the 
Mann-Whitney modification (1947) of a test proposed 
by Wilcoxon (1945). Although comparisons cannot be 
made between groups of samples inoculated from 
different types of sources, due to different procedures 
necessarily involved in obtaining the inoculating 
material, seasonal comparisons may be made on groups 
of samples inoculated from the same type of source. In 
ach group, except wash tank and floor water, the 
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TABLE 1. Time required for defects to develop, during summer 
and winter, in milk inoculated from farm sources 
SUMMER WINTEF 

SOURCE OF INOCULUM ars = — 

vee Avg. no. days No. of Avg. 10. days 


to develop to aevelop 


a“ ms samples 
amples defects* ee dei ects* 


Utensils. . 35 

Teat cup liners 40 

Wash tank and floor 
water 

Mauure and feed 

Farm water supplies 


Raw milkf.. 
Summary 124 


* Holding temperature, 24 C. 
+ Held without inoculation. 


TABLE 2. Time required for defects to develop, during summer 
and winter, in milk inoculated from farm sources 
SUMMER WINTER 


SOURCE OF INOCULUM ee ~ ay 
Naot Avg. no. day Nia nt Avg. no, days 


to develop to develop 


samples defects” defects* 


samples 


Utenmils.......... , 34 9, 26 10.: 
Teat cup liners... 40 . 43 9, 
Wash tank and floor 

water - : 17 14 8. 
Manure and feed 13 4 5 8. 
Farm water supplies 5 . 6 
Raw milkf...... 10 5. 9 


Summary....... 119 


* Holding temperature, 10 C. 
+ Held without inoculation. 


observed average time for the development of defects 
was longer in winter than in summer. The differences, 
however, were statistically significant for only the raw 
milk samples (P = .01) and the over-all total (P < .02). 

At a holding temperature of 10 C, the observed time 
required for defects to develop averaged 8.1 days in 
summer and 8.9 days in winter (table 2). The dif- 
ference was again significant statistically (P < .02). 
Within each group of samples inoculated from the 
different sources the observed average time was greater 
in winter than in summer. The differences were 
statistically significant for the farm water supply 
(P < .03) and the raw milk (P < .05) groups, but were 
not significant for the other groups. 


DISCUSSION 


In the case of the raw milk samples, temperature 
conditions before sampling may have contributed to 
the more rapid deterioration in summer, since these 
samples were obtained on the arrival of the milk at 
the plant about 8 a.m. With the other samples, however, 
the inoculating materials were iced as soon as obtained 


at the farms so that there were no differences betw: 
summer and winter treatments for the samples involy. (| 
Since the observations reported were supplement 
to another study, no data were available on the relat 
numbers of organisms originally present in the sumr © 


and winter inocula. Due to higher prevailing temp: 4 


tures in summer than winter, bacterial populations 4; 
sources of potential contamination are proba |y 
greater in summer. Hence, it is likely that grea 
initial inoculations in summer than in winter a 
possible cause of the more rapid deterioration © ¢ 
though the techniques were the same in each seas 
However, the observations of other workers previow s\\ 
mentioned suggest that additional factors may |\ 
involved. Bacteriological examination of the sam) les 
after the development of defects showed seas«ii: 
variations in the relative incidence of certain bacteria 
groups. Such differences could contribute to mor 
rapid deterioration in summer. 

In regard to type of bacterial flora, it might seom 
that a winter flora would be more adaptable 
holding temperature of 10 C than a summer flora, 1d 
that a summer flora would develop more rapidly «| 
24 C than a winter flora. It might be expected thew 
that the tendency for more rapid deterioration. jy 
summer would have been more marked at a holding 
temperature of 24 C than at 10 C. However, the 
average differences in rates of deterioration between 
winter and summer were about the same at both 
holding temperatures. 


ACKNOWLEDGMENT 
Appreciation is expressed to H. C. Fryer, Statistician, 
Kansas Agricultural Experiment Station, for statist ical 
analyses of data. 


SUMMARY 


Observations were made on the length of tim 
required for the development of definite quality 
changes in sterilized milk inoculated from pote tia! 
sources of contamination on farms, and in raw milk 
produced on the same farms. A total of 451 samples 
was examined during summer and winter seasons At 
the same holding temperatures, and with the s:me 
procedures used during each season, defects developed 
somewhat more slowly in winter than in sumer 
Although, in practice, the holding temperature of :aw 
milk following production is probably the chief ¢ us 
of lower keeping quality in summer than in wintc , It 
is apparent that other less understood factors alsc ar 
involved. 
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lsolation of coliform bacteria from natural sources 
has long been complicated by the fact that other 
organisms, alone or synergistically, may produce false 
positive tests in lactose broth, the presumptive medium 
specified in Standard Methods (A.P.H.A. 1946). The 
occurrence of false positives has led to the investigation 
of other liquid media for the isolation of the coliform 
group as a whole, or for the isolation of Escherichia coll, 
per se. Among the media used for the isolation of FH. 
coli is the buffered boric acid lactose broth (borie acid 
broth) of Vaughn and Levine (1935). This medium 
utilizes the selective effect of elevated temperatures on 
coliforms as recommended by Eijkman (1904) and the 
inhibitive effect of boric acid on the noncoli members 
of the coli-aerogenes group as recommended by Levine 
(1921). 

Vaughn, Levine, and Smith (1951) published a 
comprehensive paper on the development and use of 
boric acid broth in the isolation of FE. colt from water. 
The medium was effective in the selective enrichment 
of ©. coli when the following conditions were met: 
ma tenance of 0.325 per cent boric acid concentration, 
buf'ering to pH 6.8-7.2, and incubation at 43 C. The 
me um has also been found to have value in dif- 
lere ‘tiating 2. coli from other coliforms by Bartram 


esented at 53rd Annual Meeting Society of American 

iologists, San Francisco, California, August 12, 1953. 

estern Utilization Research Branch, Agricultural Re- 
sear, 1 Service, United States Department of Agriculture. 


and Black (1936), and Wolford and Berry (1948a). 
Beisel and Troy (1949) used a modification of the 
medium as a screening presumptive medium in the 
isolation of 2. coli from frozen orange concentrate. 
Conversely, Poe, Edson, and Witt (1936) and Poe and 
Charkey (1949) reported that boric acid media are not 
sufficiently sensitive to be of differential value. How- 
ever, they did not use the elevated incubation tempera- 
ture (43 C) found to be so vital in coliform dif- 
ferentiation by Vaughn and his associates. Vaughn 
and Krumperman (personal communication, 1952) at 
the University of California at Davis, demonstrated 
that after repeated subculturing on boric acid broth, 
Aerobacter cultures may become adapted to grow and 
produce gas in this medium at 43 C. Adapted strains 
do not readily lose their ability to ferment lactose in 
the medium. 

During the past several years a number of papers 
have appeared on the subject of coliforms in citrus 
products. Among the investigators who have con- 
tributed to this literature are Nolte and von Loesecke 
(1940), Shrader and Johnson (1934), Wolford and 
Berry (1948a, 1948b), Beisel and Troy (1949), Patrick 
(1947, 1950, 1953), Martinez and Appleman (1949), 
Hahn and Appleman (1952a, 1952b), Wolford (1950), 
and Beisel (1951). The findings of these workers have 
varied considerably. For example, Martinez and 
Appleman (1949) were unable to find coliforms in 
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orange juice, whereas Wolford (1950) isolated F. coli 
from orange juice held in freezing storage for 43 weeks. 

A number of processors of frozen concentrated orange 
juice have used routine coliform tests and have found 
that too many false positive presumptive tests are 
obtained with lactose broth to make its use practical 
as a control medium. Since boric acid broth appeared 
to eliminate many false positive tests without reducing 
the recovery of FE. coli, it was tentatively proposed as 
a presumptive enrichment medium for the isolation of 
FE. coli from such preducts as frozen concentrated 
orange juice. At the time this proposal was made, 
there were no data on the relative efficiencies of the 
two media for the isolation of EF. coli from citrus 
products, and the study reported below was under- 
taken to obtain such information. This paper covers 
comparisons of over 3400 tubes of each medium 
inoculated in parallel manner with the test materials. 
However, work covered in this paper is part of a 
broader study in progress on the sources and sig- 
nificance of coliforms, especially FL. coli, in citrus juices. 
In this discussion only comparison of the two media 
will be covered, and interpretation of the significance 
of coliforms in orange juice will be left for discussion in 
future papers. 


EXPERIMENTAL 


Samples examined in the course of these investiga- 
tions included fruit surface rinsings, juice from various 
points along the line in the production of concentrated 
orange juice, and the finished frozen concentrated 
orange juice. Some of the frozen concentrate samples 
were analyzed immediately after production, but most 
of them were sampled after storage at subfreezing 
temperatures for periods of a few weeks to 2 years. 

Fruit surface washings were obtained by vigorously 
shaking 10 oranges in a liter of sterile tap water 
containing 0.1 g of sodium thiosulfate and 0.1 ml of a 
nonionic surface-active agent of low toxicity to bacteria 
in a wide-mouthed, screw-capped gallon jar. The 
rinsings thus obtained were planted directly in the two 
presumptive media under study. 

Single-strength orange juice was adjusted to pH 6.0 
by addition of 2n NaOH solution before it was inocu- 
lated into the lactose and boric acid broths. The 
volumes of the inocula were adjusted to allow for 
dilution due to the addition of the alkali solution. 
Concentrated orange juice was reconstituted to single 
strength by the addition of sterile water containing 
sufficient NaOH to bring the reaction of the re- 
constituted juice to pH 6.0. Routinely, 50 ml of 
concentrate were added to 150 ml of sterile water 
containing 1.1 g NaOH. The reaction of this re- 
constituted juice was checked colorimetrically and, if 
necessary, additional 2 NaOH was added to adjust 
the pH to 6.0. 
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The two media were inoculated with 10, 1, and ).) 
ml of the materials to be tested. Replicate tube. oj 
each dilution were inoculated to follow one of -}, 
patterns suggested in the most-probable-number ta’ |es 
in Standard Methods (A.P.H.A. 1946), and par; ‘Je 
inoculations were made from each sample into b yj 
acid and lactose broths. The Vaughn and Levine (1° 35 
formulation of boric acid broth was used, while |y 
lactose broth was made up to meet formulatio: oj 
Standard Methods (A.P.H.A. 1946). 

Incubation of the inoculated tubes was at 35 C {o) 
the lactose broth series and 43 C for the boric ; ci 
broth series. Tubes gassing within 48 hours \. ex 
recorded as positive presumptives and material { om 
the positive tubes was streaked on Levine’s (eo:in- 
methylene blue) EMB agar plates for confirma: joy 
(Levine, 1918). Representative colonies from c:ch 
plate were fished to lactose broth and agar slants fo) 
the completed coliform test. Nonsporulating, g:am 
negative rods which fermented lactose with gas forma- 
tion were checked for coliform types by running them 
through the methyl red, Voges-Proskauer, and citrate 
utilization tests (IMViC). With the exception of th 
Voges-Proskauer test, the recommended methods 
presented in Standard Methods (A.P.H.A. 1946) were 
followed in the differentiation of coliforms isolated in 
this study. The alpha-naphthol-creatine method of 
Vaughn et al. (1948) was employed in the determination 
of acetyl-methyl-carbinol, because it is somewhat more 
sensitive than Barritt’s alpha-naphthol test recom- 
mended in Standard Methods (A.P.H.A. 1946). 

Bergey’s Manual (Breed, Murray and Hitchens, 
1948), was used as the guide in the interpretation oi 
coliform types. Methyl-red-negative, Voges-Proskauer- 
positive, citrate-positive cultures were classed as 
Aerobacter types, although individual species were jot 
determined. MR*t, VP-, citrate*+ cultures were classed 
as intermediates, while MR*, VP-, citrate~ culties 
were classed as E. coli. Another grouping was or- 
casionally found; this was a MR*t, VPt, citrate 
grouping which was classed as atypical or citrate 
negative Aerobacter types. Representative cultures 
were purified by repeated suspensions in trypton 
broth and replating on Levine’s EMB agar, alte! 
which they were rechecked for IMViC patterns and 
other biochemical characteristics. 


RESULTS 

Gram negative, nonsporulating, lactose-ferme) ting 
rods were found in 255 of the 399 juice and {-uit- 
surface-washing samples analyzed. Coliforms ver 
isolated from 235 of the lactose-broth-enrichnien! 
series and from only 134 of the boric-acid-byoth:- 
enrichment series. However, the significance of fir ling 
the coliform group in a product consisting in pa't ©! 
wholly of unheated fruit material may be questi: ied, 
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COMPARISON OF MEDIA 


ani attention must be given to the presence of EF. coli, 
se, rather than to the coli-aerogenes group as a 
ole. E. coli was recovered from 113 of the coliform- 
iding samples. The distribution of this organism in 
lactose broth and boric acid broth series is presented 
igure 1. From these data it is apparent that although 
coli-aerogenes group was more frequently isolated 
m the lactose broth tubes than from the borie acid- 
ith tubes of the same samples, F. coli was more 
juently isolated from the latter medium. 
4 the 33 samples from which EF. coli was isolated 
m the boric acid broth series only, the most probable 
nber per 100 ml (MPN) was 10 or less in 26 samples, 
ween 20 and 50 in 4 samples, and over 50 in 3 
iples. Of the 18 samples from which EF. coli was 
ated from the lactose-broth series only, all but 2 had 
»N values of less than 10. The MPN of the 2 samples 
os 12 and 28, respectively. All but 2 of the samples 
ing equal MPN values in both media had FL. coli 
els below 10 per 100 ml, and the 2 higher MPN 
»vels were 23 and 240, respectively. 
data from samples in which F. coli was isolated in 
unequal numbers from both media were too involved 
to present as above. In general, with the 35 samples 
showing higher MPN values in the boric acid broth 
boric acid broth (MPN) 
lactic acid broth (MPN) 
10 in 10 samples, between 5 and 10 in 2 samples, and 
less than 5 in the remaining 23 samples. With the 13 
samples showing higher MPN values in the lactose- 
lactose broth (MPN) 
boric acid broth (MPN) 
in | sample and less than 5 in the remaining 12 samples. 
These results indicate that the boric acid broth appears 
to be the more dependable medium for the isolation of 


series the ratio was above 


broth series the ratio was 10 


E. coli from citrus products, since greater recovery of 
this organism results more frequently in boric acid 
broth than in lactose broth. 


When considered on the basis of individual tubes, a 
greater number of positive presumptive tests resulted 
on laetose broth than on boric acid broth. The fact 
that there were more positive tests on lactose broth 
would favor that medium, if the analyses had not been 
carried beyond the presumptive stage. It must be 
remembered, however, that when using orange juice as 
the inocula sucrose and invert sugars are introduced 
into the medium, and gas production in the tubes 
should not be interpreted as positive evidence that 
coliorms are present. The analyses must be carric 1 
further to establish definitely the presence of coliforms. 
This was done in the present work and the number of 
coliiorms as well as the number of false positive tests 
on eich medium are given in table 1. 

hough there were more than three times as many 
pos ive presumptives on lactose broth as on boric 
acid broth, the number of coliforms isolated from the 


FOR ISOLATION OF E. COLI 


Total Samples, 
399 


Coli-aerogenes 
acne 


group, 255 


| Lactose broth, 121 


Roti inedia, 114 moran broth, 


E. coli found, 113 


Lactone broth. 19 Borie acid broth, 


Both media, 62 


Les, CRT | of bath medi horieneid heathy 

Fic. 1. Incidence of coli-aerogenes group and E. coli in 
orange juice, frozen concentrated orange juice, and fruit sur- 
face washings. A, Total samples analyzed. B, Number of sam- 
ples containing coliforms. C, Occurrence of coliforms on lace 
tose and borie acid broths. D, Number of coliform positive 
samples containing FE. coli. E. Occurrence of E. coli on lactose 
and boric acid broths. F, Occurrence of E. coli on lactose and 
boric acid broths in samples positive in both media. 


TABLE 1. Comparison of positive presumptive tests on boric 
acid broth and lactose broth 


BORIC 
ACID 
BROTH 


LACTOSE L/B 
BROTH RATIO* 


Total tubes 3452 3452 
Positive presumptive tests 692 2232 
Coliform cultures isolated 563 936 
False positive tests 129 1297 
lactose broth results 


* L/B ratio = - - 
boric acid results 


former was only 1.7 times that of the latter. The 
striking difference in numbers of false positive pre- 
sumptive tests accounts for this. The false positives 
consisted of those fermenting presumptive tubes from 
which coliform organisms could not be isolated. Among 
the types of organisms isolated from the false positive 
tubes were sporeforming rods, yeasts, and gram 
positive oval coccoids which occurred in pairs and 
short chains and produced very tiny colonies on EMB 
agar. Specific identification of these organisms was not 
made in the course of this study. 

Differentiation of the coliforms isolated in this study 
indicated, that /. coli, intermediates, and Aerobacter 
types were isolated from both media. /. coli and citrate- 
negative Aerobacter organisms were most frequently 
isolated from the boric acid series, while intermediates 
and Aerobacter organisms were recovered in larger 
numbers from the lactose broth series. On the basis of 
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TABLE 2. Comparison of coliform types on boric 
acid broth and lactose broth 


BORIC ACID BROTH LACTOSE BROTH 


! 
No | Per cent 
z positive 
presump 
tives 


COLIFORM TYPE | No 


Per cent | 

positive 

presump- 
tives | 


cultures 
isolated 


cultures 
isolated 


E. coli 300 43.3 188 
Atypical Aerobacter 42 6.0 25 
Intermediates 21 3.0 62 
Aerobacter 200 28.9 660 
Noncoliforms 129 18.7 1297 


Total 692 99.9 2232 


: lactose broth results 
*L/B ratio = - - . 
boric acid results 


per cent of positive presumptives into which the 
different types of coliforms fell, 2. coli and atypical 
Aerobacter types were significantly higher in boric 
acid broth than in lactose broth. FE. coli constituted 
about 43 per cent of the positive presumptives on boric 
acid broth, while only about 8 per cent of the lactose 
broth positive presumptives were FL. coli. The per- 
centages for intermediates and Aerobacter organisms 
were about the same on both media. These data are 
presented in table 2. 

The atypical Aerobacter cultures appeared, in some 
ways, to resemble F. coli more closely than they did 
Aerobacter aerogenes, since their colony characteristics 
on EMB agar were often indistinguishable from LF. 
the fact that they 
Proskauer positive necessitates classifying them as 
Aerobacter cultures which were atypical in that they 
did not utilize citrate as the sole source of carbon. 

Purification and further study of the cultures isolated 
in the course of these investigations showed that both 


coli. However, were Voges- 


species of intermediates, Escherichia freundii and 
Escherichia intermedium, were present in the collection 
of cultures isolated, and all four varieties or subspecies 
of 2. coli were present. The last mentioned observation 
indicated that no one type of F. coli is peculiar to 
orange juice. The Aerobacter cultures were not further 
differentiated into species. 


DiIscUSSION 


The fact that naturally occurring citrates in the 
orange juices used for inoculating many of the pre- 
sumptive tubes in this study may favor the develop- 
ment of over that of FE. coli has been 
‘called to the author’s attention by Levine (1953). The 
presence of the citrates could account in orange juice 
for the more frequent recovery of Aerobacter from the 
positive presumptive tubes on boric acid broth in the 


Aerobacter 


present investigations than was reported by Vaughn, 
Levine and Smith (1951) in their investigations on the 
use of boric acid broth in water analysis. Also, it may 
account for the reduced 


recovery of EF. coli from 


broth presumptive tubes. Under 
conditions Aerobacter may overgrow FL. coli to such 


lactose cert 
extent that the latter organism is not found on 
EMB plates used for confirmation of coliforms. 
The observation by Vaughn and Krumperman t 
Aerobacter may become adapted to growth in b 
acid broth may also explain, in part, the gre: 


recovery of Aerobacter from borie acid broth fr \y 


orange juice than from water since much of the { 
processed in California has had contact with bo: 
solutions during its preprocessing history. 


SUMMARY 


broth and boric acid broth 
compared as presumptive enrichment media for 
isolation of Escherichia coli from citrus products. Bi 
acid broth was found to be the better of the two m« 
for this the 
presumptive tests and false positive tests was lo 


Lactose 


purpose, because number of posit: 
and the recovery of F. coli was greater, on this medi 


than on lactose broth. 
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Effects of ultraviolet irradiations on microorganisms * 


have been extensively studied. Strebel (1901) demon- 
strated a lethal action of ultraviolet on bacteria. The 
wave length limits of bactericidal action have been 
frequently studied. Barnard and Morgan (1903) 
determined the region of lethal action to lie between 
3287 A and 2265 A. Bang (1905) placed the highest 
lethal action of U-V on bacteria at 2500 A, whereas 
Newcomer (1927) working with fresh water suspensions 
of the typhoid organism achieved maximum lethal 
effects between 2800 and 2100 A. The experiments of 
Wyckoff (1932) showed the highest efficiency against 
lt at 2652 A. 
uggar and Hollaender (1934) have shown that the 
num wave length probably varies with the type of 
ism. They demonstrated a decreasing sensitivity 
-V irradiation in the tobacco mosaic virus, Bacillus 
therium, Bacillus subtilis and Serratia marcescens. 
mann and Noethling (1932) found radiations of 
A to be most toxic for Staphylococcus aureus and 
lomonas aeruginosa whereas S. marcescens was 


ngineer, A.R.F. Products, Inc., River Forest, Ill. 


"most sensitive to 2805 A. Other evidence for species 


variation with respect to resistance to U-V irradiations 
is seen in the work of Bucholz and Jeney (1935). They 
found wave lengths between 2400 and 3020 A to be 
the most toxic for bacteria in general. Within this 
range LEberthella typhosa and Salmonella paratyphi 
showed the least resistance and Shigella dysenteriae 
and Escherichia coli as well as the staphylococci were 
more resistant. Spore-bearing organisms were found to 
be very resistant, requiring a long exposure to destroy 
ther. 

Rentschler, Nagy and Mouromseff (1941) using wave 
lengths of 2537 A found it difficult to state relative 
ratios of resistance among organisms because of strain 
differences as well as species differences in resistance. 
Ten exposures to 220 mw sec/sq cm of 2537 A killed 
99.5 per cent of a nonresistant strain of Escherichia coli; 
64 per cent of a resistant strain of FL. coli; about 79 per 
cent of a nonresistant strain of Staphylococcus albus 
and about 28 per cent of a resistant strain of S. albus. 

In the studies reported in the literature, the bacteria 
irradiated were either sitting targets or, when in liquid 
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Fia. 2. Arrangement for treating and delivering water under 
pressure to purifier. 


suspensions, were agitated. It was thought to be worth- 
while to investigate the effects of U-V irradiation on 
large populations of certain bacteria in water which 
circulated around the U-V lamp in a churning action 
at a sufficiently close distance and for a duration of 
time necessary to bring about lethal effects. 


MaTERIALS AND Merruops 
Ultraviolet Source 
& The basic apparatus consisted of three main grouy s: 
A small ultraviolet water purifier for home use, a mot » 
driven gear pump, and standard laboratory equipme; 

The ultraviolet water purifier was a commerce \| 
unit designed for horne use, model 1C196.2 The w it 
consists of a die cast head coated with a white “pv r- 
celainized enamel” which contains the electri. 
components, water passages, shut-off valve, automa i 
flow control, pressure relief vent and filter housi g. 
Mounted to the head are the cover with its elect: \ 
plug-in cord and interlock, quartz enclosure for 1 .6¢ 
lamp, baffles to control the flow pattern of the watcr, 
and a screw-on standard glass jar. The filter housi ig 
contains a cartridge of granulated activated carbon 
enclosed in a nylon bag. The source of ultraviolet 
energy was a G4T4 germicidal lamp.’ For arrangeme:it 
of baffles and understanding of path of water flow -ce 
figure 1. 

The delivery of water to the unit during tests was 
accomplished by a motor-driven gear pump assemb|y. 
By using the pump, given quantities of water could he 
treated separately and delivered to the purifier under 
pressure. The waters to be tested were passed into a 
funnel supported on a ring stand and connected |})y 
tubing to the inlet of the gear pump (figure 2). 

In addition to the above a veritran was used to 
control the output of the lamp and a light meter was 
used to measure the output of the lamp. 

Certain features of the ultraviolet water purifier 
model 1C196 make it adaptable for basic research 
work. The most important feature is the method ot 
delivery of water and the arrangement of baffles which 
insure nearly constant flow patterns for different rates 
of flow. This feature makes calculations to determine 
exposures of average intensities and time relatively 
easy. With pressure maintained constant, the rate of 
flow can be easily controlled by the shut-off valve. ‘The 
output of ultraviolet can be controlled by varying 
the line voltage. The unit is easily assembled sid 
disassembled for maintenance, cleaning, and measuring 
of ultraviolet output. 

A sample of the calculation of survival ratios for a 
water with a high coefficient of absorption of uliya- 
violet light and for a lamp that is depreciated bey« id 
life expectancy is shown in table 1. 

The relationship of the survival-ratio of water-bo: ne 
bacteria when exposed to ultraviolet irradiation appe \'s 
to be adequately represented for practical purposes )y 

2 A.R.F. Products, Ine., River Forest, Ill. 

’ General Electric Company, East Cleveland, Ohio. 
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the exponential equation determined by Luckiesh and 
Holliday (1944). 
P —Et 
Re 
vhere P is the population which survived. 
P» is the population prior to exposure. 
Eis the intensity of germicidal energy. 
t is the time in minutes of exposure. 
( is the exposure (Ht) which is termed a unit 
lethal exposure. 

For water-borne ££. coli, Luckiesh and Holliday 
1914) have determined by using more than 1000 
separate cultures that Q is 40 microwatt-minutes per 
sj cn or approximately 40 milliwatt-minutes per sq ft. 

Tie determination of the average intensity for dif- 
jere:t. sections of the purifier has been accomplished 
by graphic methods using data from the lamp manu- 
facturer (figure 3). 

Based on the average intensities computed in figure 3 
and the measured volumes of the different sections of 
ihe purifier, the computations of the survival ratios 
and equivalent per cent kills are tabulated in table 1. 

Caution must be used in drawing conclusions from 
the above calculations since the exponential equation 
P Et _ tes 
p, € Q? although a good basis for arriving at a 
reasonable design, is a practical relationship which 
appears to be approximately correct for conditions of 
flow differing from our conditions. The validity of the 
equation was tested in a device which had an open 
channel of water and in which there was no assurance 
that all water would pass through an area of at least 
average intensity. Also the Q value used was de- 
termined by “sitting target”? type of exposure, while in 
this apparatus the bacteria are being constantly turned. 
Consideration must also be given to the fact that the 
calculations do not account for all variables. These 
alculations assume perfect mixing in each section, no 
hidden flow paths, and no screening of bacteria by large 
foreign particles in the water or by clumping of bacteria. 
The above unknowns and variables may or may not 
compensate for therefore, the actual 
performance must be determined by bacteriological 
studies. 


ach other; 


The above described model 1C196 purifier was used 
in tests starting with number 10 (figure 4). Prior to the 
tests the purifier went through a series of modifications 
and structural changes aimed at increasing the ef- 
lectiveness of the unit. The changes resulted from 
analyses of the results of bacteriological test data in 
corre'xtion with the basic design principles. 


Bacteriologica] Methods 


The bacteria used in these studies were not confined 
exclusively to the coliform representative EF. coli, 


999 


TABLE 1. Computation of survival ratios and per cent kills for 
bacterial populations in water with a .75 coefficient of 


absorption and a depreciated lamp 


TIME, MIN. EXP. Eav. Xt 
AV. IN 
TENSITIES 
e, 
WATTS 
FT? 14 
QT/M 


Rate of flow Rate of flow 


1 ? 


1 1} 2 42 1 116 2 
Q/M Q/M Q/M Q/M Q/M Q/M Q/M 


- 385 2.49 1.24 83 62 96 18 32 24 
. 800 24 -012 009 006 02 01 OUT 005 
.530 47 24 16 12 25 13 08 06 
800 O12 .006 OO4 003 01 005 003 .002 


Total Et 1.24 


vt | 
{ Et/.040 3 14.0 
Q 


Per cent Kill 100 99.999 99.995 99.945 


RATED INTENSITY OF 4 WATT 
« GERMICIDAL LAMP AT 3/4" FROM 
LOSS THRU 4 CENTER OF CAMP 
LAMP \ 
ENCLOSURE. 7| x) - DISPERSION FROM SOURCE IN AIR 
AMP ma y (BULLETIN (0-14, GEN ELECTRIC 
DEPRECIATION ¢ CO AUGUST 1950 
| DUE TO AGE . 
Sy 
| DEPRECIATION , 
JOUVE TODIRT }) eS) 
| AND CUST 
a y >, — DEPRECIATED G 
\ DISPERSION 
€-) (524% OF ABOVE 
CL TRANS aT 
4.) EACH POINT e-«x d 


DISPERSION ” 
PLUS 
ABSORPTION BY 

| WATER=«< = 75/1N 


LAMP 


CENTER INCHES IN WATER 


INCHES IN WATER (#) AVERAGE INTENSITY = 


_ AREA UNDER CURVE 


DIST. IN WATER’ 


BO W/ETC 
253 W/FTS 
38 W/FT 
(®) FOR RCFERENCES TO SECTIONS SEE FIGI 
Fic. 3. Determination of average intensity of U-V for dif- 
ferent sections of the purifier. (Based on data obtained from 
General Electric Co.). 


although this species was employed in the majority of 
the tests. Studies were also made on Micrococcus 
pyogenes var. aureus (S. aureus), Salmonella typhosa 
(Zberthella typhosa) and B. subtilis as well as on 
naturally occurring bacterial populations. 
, Standard bacteriological methods were used in direct 
plating. According to the density of the population, 1.0 
to 0.1 ml of the sample was plated in nutrient agar and 
counts were made at the end of 24 to 48 hours. All 
points of the data plotted represent the average of 3 
to 9 identical plantings. 

Studies on pure culture F. coli and natural waters 
included lactose broth inoculations in combinations of 
10 ml, 1.0 ml and 0.1 ml plantings as prescribed by the 
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Fic. 4. Plot of the data obtained from seven tests showing 
the development of efficient flow pattern. 


United States Public Health Service. Where positive 
presumptive results were obtained with samples from 
natural waters the confirmed and completed tests for 


the coliform groups were made (American Public 
Health Association, 1946). 

In studies with S. typhosa, total counts were made 
from direct plantings. Bismuth-sulfite medium, a 
modification of the Wilson and Blair formula, was used. 
In addition, slants of Russell’s double sugar agar were 
employed as a corollary for the positive identification 
of this species. 

All artificial contaminants were prepared with 18- to 
20-hour beef infusion broth suspensions cultivated at 
37 C, The contaminants were introduced into 5 gallons 
of tap water, both nonsterile and sterile. All plates and 
tubes were incubated after planting at 37 C. for 24 to 
48 hours. An attempt was made to have all test 
suspensions in considerable excess of a population 
density of these same species when they occur in 
natural contaminated or polluted waters. 

RESULTS AND CONCLUSIONS 

In the first series of experiments HF. coli was used as 
the test organism. The results are shown in figure 4. 
Direct counts were made and the percentage kill was 
ralculated. 

In the first test the highest per cent kill, 89.1 per 
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cent was achieved at the slowest flow rate, 144 qt/n i: 
At a flow rate of 2 qts/min the per cent kill droppec 
78.7. 

Prior to the second test, the delivery tube > 4 
altered to allow the bacteria to remain in the vicii 
of the U-V lamp for a longer duration. The per cent <i 
at all flow rates was significantly raised so that 
15 qt/min a per cent kill of 98.3 was achieved; : 
qt/min 91.2; at 114 qts/min 88.1 and at 2 qts/min 8 5 
This change in the delivery tube increased the per ¢ +1 
kill at the slowest flow rate from 89.1 to 98.3. Howe er. 
there was still a disproportionately low per cent ki 
the fastest flow rate. 

Prior to carrying out test 3a, a conical baffle 
placed into the apparatus in order to force all w: te: 
closer to the source of the U-V energy before its 
delivery from the apparatus. A study of the dats 
given in figure 4, (3a) shows that at the end of th 
normal evacuation time the per cent kill at the fasies; 
flow rate (2 qts/min) was raised from 81.5 to 9).] 
Samples were also taken after twice the normal evacia- 
tion time. The per cent kill at the fastest flow rate was 
raised from 99.1 to 99.9 (figure 4, 3b). It may be noted 
(3a and 3b) that at the intermediate flow rates the pe 
cent kil! remained disproportionately low. 

The apparatus was adjusted so that the water leve 
within the container was held at three distinct levels oi 
fill, arbitrarily selected. The inset figure 4 shows that « 
level referred to as ‘‘mid-level” of fill (M) yielded th 
highest per cent kill when the flow rate was 1% «ts 
min. With an initial contamination of 500,000 organ- 


] 


isms/ml 99.4 per cent were killed. At the “low” level oi 
fill 97.7 per cent were killed, and at the “full” leve 
97.3 per cent were killed. 

A modification of the apparatus was made by thi 
introduction of three baffles. The addition of th 
baffles maintained a constant level of fill, a nearly 
symetrical flow at the slower flow rates, and a near!) 
perfect mixing in the upper section. The change in th 
apparatus effected an elevation of the per cent kill al 
all flow rates and resulted in the anticipated gradual 
drop in per cent kill as the flow rate increased. }'rom 
the slowest to the fastest flow rates the per cent ki! 
was 99.93, 99.78, 99.67, 99.67, when the initial con- 
tamination level was 60,000 organisms/ml (figu’e 4, 
test 5). 

Tests were made on the apparatus after the 
pattern was altered by reducing the entrance vel 
of the contaminated suspension. The symmetry o! ! 
was improved by reducing the distance betwee! 
baffle and U-V lamp enclosure to approxim 
leo”. Figure 4, test 10 shows that the per cen 
was elevated at all flow rates. The minimum kil 
99.97 per cent at 2 qts/min whereas it was 99.9 
cent at each of the other three flow rates whe: thi 


initial contamination level was 153,000 organisms 1! 
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Fic. 5. Per cent kill obtained when mixed bacterial popula- 
tions in naturally occurring wayers are passed through the 
purifier. These data are presented with that obtained when 
tap water was inoculated with pure culture EZ. coli. 

With the alterations in the flow pattern to effect a 
symmetry of flow, the per cent kill of the organism 
tested is increased significantly at the two intermediate 
flow rates as well as at the 14 and 2 qts/min rates. 

Tests were made on natural polluted waters. The 
efluent water of the Chicago Sanitary District was 
collected and brought to the laboratory. This water 
was found to have an initial contamination level of 
3,800 organisms/ml. The per cent kill data for this 
water after it had passed through the apparatus at the 
four flow rates has been plotted in figure 5 (Drainage 
Canal). At a flow rate of 14 qt/min 96.21 per cent of 
the organisms were killed; at 1 qt/min 97.57 per cent; at 
l!g qts/min 96.06 per cent, and at 2 qts/min 94.87 
per cent. The curve for per cent kill with this water 
when compared with that for HZ. coli has not only been 
depressed, but it does not show the linear relationship 
expected as the flow rate is increased. The depression 
in per cent kill is not a function of the population 
densi'y since the effluent water contained only 3,800 
organ'sms/ml whereas the F. coli contamination level 
Was 153,000 organisms/ml. Other natural waters (well 
water surface and deep) showed the same lower per 
cent ill when passed through the apparatus with a 
simils: depression in the curve for per cent kill (fig- 
ure 5 


TABLE 2. Influence of flow rate on per cent kill of bacteria exposed 
to U-V irradiation 


. "ON- , 7 ~y 
TEST ORGANISM INITIAL CON FLOW sunervous PER CENT 


TAMINATION RATE KILL 


count/ml count/ml 
130,000 11 Q9 
19 (yy .¢ 
32 99. 
36 99. 
34,000 } 99. 
var. aureus KF 15 99. 


Escherichia coli 


Micrococcus pyogenes 


20 99. 
105 9. 
Bacillus subtilis ) 9 98. 
24 96. 
89.33 
89.17 
57 ,600 36 99.94 
species 3: 99.88 
99 92 


99.78 


Mixture of above 





+ 


PERCENT KILL (TOTAL COUNTS) 


RELATIVE RESISTANCE 
F 
OF BACTERIAL SPECIES B. SUBTILIS 
32 48 


FLOW RATE (02 / min) 





4 1 4 okt 


tT vs — 
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Fic. 6. A comparison of per cent kill obtained when differ- 
ent species of different resistances are exposed to U-V irradia- 
tions. 


Tests were carried out using organisms having known 
differences in resistance to U-V irradiations. Table 2 
and figure 6 show the results obtained when E. coli, 
M. pyogenes var. aureus, and B. subtilis were each 
exposed to U-V irradiations under the conditions 
provided by this apparatus. Because of the differences 
in the initial population density in these suspensions 
the effectiveness of U-V irradiation is expressed in the 

2 


; oe ; : ’ 
survival ratio, PR; On the basis of the survival ratio of 
0 
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TABLE 3. Treatment of naturally occurring contaminated water mixture was prepared by taking each species from 
with U-V irradiation with respect to survival of 


oat stock culture with a 4-mm. inoculating loop and 
4. Coll 


pending each in separate 10-ml. volumes of broth 

os cod i a on MPN/100 wt the end of the 24-hour incubation period the three \ 
a wentind rr”  eeakeiatadl Semedianed mixed yielding a total volume of 30 ml. which was 1 
introduced into the contaminant reservoir. This 1 

ture was a quasi-simulation of mixed populations f¢ 


TEST NO. 


1,118 16 98.55 1,100 
16,700 17 99 .90 >1,400 : a inc ane sa with diff 
” 93 | 97.19 > 1,400 in natura waters COLA preci with dl ore 
900 s | 99.11 36 in resistance to U-V irradiation. The data containe 
27,300 | 7 | 99.97 3.6 table 2 and figure 6 show the same depression in 
2,574 | 18 99.30 >1,400 curve for per cent kill as is found for that in nat 
. | gg 25 d > - 
— bee~ ete waters (figure 5). 
10,522 |} 92.75 11 WI tenis 1 - a eo 
6.330 99.76 >1,400 ne n StAK les are made as o* net ler or not 
302 ’ 99.06 7.3 irradiation is totally lethal to /. coli under the 
3,665 ‘ 99.97 20 ditions provided in this apparatus MPN determinat on; 
3,180 99.95 9.1 alone are of significance. In table 3 and figure 7 th 
5 98.8 ' ange , 
>, 400 S Cn > 1,400 data from tests with 21 naturally occurring cont: mi- 
12,450 99.18  >1,400 eget aah ye eed 
6,892 98: > 1.400 none ying rs are given, wie respect to the survival oj 
3.345 57 98: >1.400 E.. coli. They are expressed in most probable number oj 
317 85. 36 organisms/100 ml of water as well as in per cent kil! 
20,377 99. 14 based on total counts. 
1,005 91. 36 . . } ” ols ec : , 
é oe It may be seen that the /. coli count showed ar 
1,069 17.: 1,600 EE i i alla al Be 
97.000 ‘ 99 >2,400 MEN of zero in all cases Ww hereas le per cent kil 
based on total counts ranged from 47.38 to 99.99, ‘Th 
data were obtained from samples passed through th: 





£. COLI- COMPOSITE einen oe eee Ag, pee aig 
NATURAL WATERS apparatus at 1!9 qts/min. The survivors do_ not 


represent FE. coli since the MPN suggests a 100 pe 
cent kill. The survivors in the same samples which 
were plated, where they were studied, were gram 
positive sporulating bacilli. Thus, the survivors which 
depress the per cent kill are undoubtedly normal wate: 
flora of greater resistance. 

Samples of tap water, which had been used as thi 
contaminating medium in all pure culture tests, wer 
analyzed. The number of organisms/ml ranged from 43 
to 100 (figure 8). At the same time samples of the tap 
water were passed through the apparatus without th 
U-V lamp being turned on. Total counts of the samples 
ranged from 144 to 785 organisms/ml. The same w:ters 
were passed through the apparatus with the U-V |amp 
on, and the samples showed a count from 4 to 4! 
organisms/ml. Thus, the contaminating medium, tap 
water, and the experimental system are indicate: as 
sources of contamination. However, samples oi th 
water tested under these conditions were foun: to 
have an MPN of zero. It is clear that EF. coli are 1 

adidas, aaeeeunce be numbered among the contaminants found in th 
Mp QTS/ MIN total counts and therefore are not introduced by thi 
ina od \ aes ee ‘ experimental system. It is also evident that the U-\ 

Fig. 7. Escherichia coli survival in 21 naturally occuring irradiation kills pee Chan OO per cunt of the om 

waters after treatment with U-V at a flow rate of 134 qts/min. taminants introduced by the water and the ex jer: 

mental system. flush 
these forms and thus the per cent kill, the order of A new unit was used through which neither ne ura wate 
increasing resistance is EF. coli, M. pyogenes var. nor artificially contaminated waters had been ps sed. I the : 
aureus, and B. subtilis. A mixture of these three species The intensity of the U-V lamp was 1200 my ‘it. IB data 
was prepared and passed through the apparatus. The The entire experimental system was thoroi ghly 140 
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Fic. 8. Occurrence of bacterial organisms in the contaminat 
g medium and experimental system before and after U-V 
radiation, 


‘ & GOL'- COMPOSITE 
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INOCULATED WATER 
100.0 


399.999 


99,998 
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Fic. 9. Escherichia coli survival determined by MPN and 


total count data when a “‘sterile’’ system was used. 


flushe:| with distilled and sterile tap water. Sterile tap 
water contaminated with F. coli was passed through 
the apparatus at flow rates of 114 and 2 qts/min. MPN 
data showed an initial contamination level in excess of 
1400 while the total count was found to be 119,550 


E. TYPHOSA- COMPOSITE 


NO./ML.(TOTAL COUNT) 
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CONTROL® POS 
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Fic. 10. Per cent kill of Salmonella typhosa when waters 
contaminated with this species were passed through the puri- 
fier at four ilow rates. 


organisms/ml. After irradiation at the two flow rates 
the MPN was zero for the two samples and the number 
surviving (total counts) was 1.3 and 1.6 organisms/ml, 
respectively, giving a per cent kill of 99.9990 and 
99.9987 (figure 9). 

A second test was carried out within 24 hours 
through the same apparatus which was again flushed 
with distilled and sterile tap water. The initial con- 
tamination level was 85,800 organisms/ml and the 
MPN showed a contamination in excess of 1,400 
organisms. After irradiation the MPN was zero at the 
two flow rates while the per cent kill was 99.99 due 
to 8 and 12 organisms/ml surviving (figure 9). 

The data indicate that, with time, resistant organisms 
will survive and may multiply within the experimental 
system, but the surviving organisms are not F. coli. 
Furthermore the majority of survivors will be killed 
when they are again subjected to the U-V irradiations. 

Tests were made with Salmonella typhosa at the flow 
rates already designated. The contamination levels 
varied from 7,000 to 20,900 organisms/ml. The intensity 
of the U-V lamp ranged from 780 to 1,200 mw/ft?. As 
can be seen in figure 10 there were no survivors in any 
of the samples collected at each of the flow rates. 


DISCUSSION 


The data show that an apparatus has been developed 
using U-V energy as an effective agent against EF. coli 
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and S. typhosa, when these organisms constitute at 
least a part of the population in contaminated waters. 
The apparatus provides constant motion or agitation 
to insure an adequate exposure for a sufficient duration 
of all areas of a bacterial suspension. Water can be 
passed through the apparatus at various flow rates to 
obtain an inverse ratio between duration of exposure 
and rate of flow. Duration at the highest flow rate 
tested would be substantially reduced. However, if 
the flow pattern is such as to return areas of water 
repeatedly to the vicinity of high U-V intensity, the 
pattern of flow should compensate for the decrease in 
duration of exposure. Data presented in figure 4 (3a 
and 3b) show that at the slowest flow rate (19 qt/min) 
the duration of exposure is chiefly responsible for the 
high per cent kill. Duration alone, however, can not be 
responsible for the high per cent kill at the fastest flow 
rate (2 qts/min), as evidenced by the fact that as the 
duration of exposure is decreased (1 and 115 qts/min), 
the per cent kill is correspondingly decreased. (See 
also curves | and 2, figure 4.) Since duration is minimum 
under these conditions at the 2 qts/min flow rate, 
agitation or mixing must be partially responsible for 
the high per cent kill obtained at this rate. Thus, 
duration is less and agitation is greater at a 2 qt/min 
flow rate than at 114 qts/min. Although duration is 
somewhat longer at 114 qts/min flow rate than at 2 
qts/min it is not adequate in the absence of sym- 
metrical mixing to yield a high per cent kill. On the 
other hand at 2 qts/min mixing is so complete as to 
adequately compensate for the decreased exposure 
time. Further evidence that the per cent kill is a 
function of agitation and flow pattern can be seen 
from the plot of the data (figure 4, line 4). The flow 
rate was held at 114 qts/min and the level of fill alone 
was responsible for an increase in per cent kill. When 
level of fill was held constant through the alteration of 
the baffle system and when the velocity of the water 
entering the apparatus was decreased a flow pattern 
had been established which more perfectly compensated 
for the decrease in exposure time at faster flow rates. 
Thus, a high per cent kill was obtained at all rates by 
the reciprocal action of the two essential factors of 
duration of exposure and adequate agitation. This is 
all the more significant when the per cent kill was 
raised at the flow rate of 115 qts/min which had 
yielded the lowest per cent kill in the samples repre- 
sented in figure 4 (3a and 3b). 

Effluent water from the Chicago Sanitary District, 


and well water, both surface and deep, contain popu- 


lations of different species of bacteria. It has been 
sufficiently established that there are species differ- 
ences in resistance to U-V irradiations in static or 
slightly agitated bacterial populations (Bucholz and 
Jeney, 1935). The same differences have been shown 


to exist in the natural waters and quasi-simu (te 
natural waters tested in this work. The predic 4); 
relationship of per cent kill versus flow rate when iy 
culture contaminants are used is not found wher jj); 
ural or artificially contaminated waters conta jin, 
mixed populations are used (figures 6 and 7). In io} 
groups of data the per cent kill is considerably less | hy 
that obtained with pure culture EF. coli. Becau e oj 
the resistant stage of sporulation in water-} orye 
bacilli (Rentschler, Nagy and Mouromseff, 44; 
there is possibly a lack of the proportional distrib iio, 
of the vegetative and spore stages as well as a lak oj 
a proportional distribution between the more an! thy 
less resistant species within the population. It is ‘0 |, 
noted (figure 6) that with pure culture EF. col) ay 
m. pyogenes var. aureus the survival ratio anc pe 
cent kill fall predictably with the decrease in exp sun 
time. This is not true for pure culture B. subtii’s o) 
naturally occurring mixed populations. 

The experimental system used in these tests cai noi 
be completely freed of bacteria. When tap water whic 
has its own bacterial content is passed throug! th 
experimental system and tested for number of bac- 
teria the number of organisms/ml is measurably 
increased. These are, however, the more resistant 
noncoliform bacteria. Consequently, the survivors ob- 
tained when contaminated waters are passed through 
the apparatus give an apparent depression in per cei! 
kill when studies for the per cent kill of a species ot 
lower resistance alone are made. Therefore, whe 
studies on the occurrence of F. coli alone in natura 
waters are made MPN determinations have bee 
routinely employed. From the evidence presented any 
analysis of the apparatus as being totally effectiv 
against EH. coli must be based on MPN data alon 
When waters containing L/. coli are passed through 
the apparatus at a flow rate of 1144 qts/min the samples 
collected were found to have an MPN of zero. ‘At thi 
same time if the samples are plated directly the per 
cent kill is less than 100 because of the occurreice 
“foreigners” introduced from the entire experimenta 
system as well as from the normal water flora. 

The pathogen Salmonella typhosa shows a greats! 
sensitivity to U-V irradiations than EF. coli. Water 
artificially contaminated with S. typhosa and _ } assed 
through the apparatus at all flow rates used are con- 
pletely freed of all typhoid organisms. This is |) a¢- 
cord with its known relative sensitivity when com 
pared with EF. coli. 

Other factors are to be considered with resp: «'t ti 
the effectiveness of ultraviolet irradiation on px: puli- 
tions of certain water-borne bacteria. These f: ctor 
are chiefly physical, for example, temperaturr and 
ultraviolet absorption 
variations in voltage supply, and useful eff. tiv 
germicidal life of the U-V source. These are cur ‘ut! 


properties of the me ‘ium, 
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ein’ investigated in our laboratories and will be re- 
d at a later date. 


SUMMARY 


apparatus has been developed which employs 
energy as an effective agent against Escherichia 
and Salmonella typhosa when these organisms 
itute at least a part of the population in con- 
nated waters. The apparatus provides sufficient 
tion to insure adequate exposure for all areas of a 
‘rial suspension over a four-fold range of flow 
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It has been observed (Quastel and Scholefield, 1949) 
that pL-methionine is highly effective in bringing 
about an inhibition of nitrification in soil. Its presence 
produces a lengthy lag period before the nitrification 
of ammonium ions commences, after which nitrifica- 
tion of both the added ammonia and that derived 
from methionine itself proceeds. The problems arose 
as to Whether the inhibition of nitrification is due to 
a toxic metabolite from methionine and whether a 
process of adaptation of nitrifying organisms to me- 
thionine takes place. The formation of methionine 
sulphoxide from methionine was suggested as a pos- 
sible mechanism of inhibition (Quastel and Scholefield, 
1951). This compound is a competitive inhibitor of the 
substrate in glutamic and glutamine transformation 
Borek, Miller, Scheiness and Waelsch, 1946) and is 
as elective as methionine itself in inhibiting nitrifica- 
tion in soil perfusion experiments. Lees (1951) has, 
however, shown that no inhibition by methionine 
obtaiis with isolated nitrifying organisms. In order to 
throw further light on the nature of this inhibition of 
soil ni‘ rifieation the present. work was undertaken. 


'Conrada Packers 


tesearch Fellow, McGill University, 
Montreal, 


MertrHops 


The technique adopted for soil perfusion is that fully 
described in previous publications (Lees and Quastel, 
1946; Quastel and Scholefield, 1951). Briefly, 30 g 
air-dried crumbs (2-4 mm diam) of garden soil are 
continuously percolated with 200 ml solution at 21 C 
in the dark. When enriched or bacterially saturated 
soils are required the perfusate is removed, the soils 
washed with 250 ml distilled water and a fresh per- 
fusate added. This process is repeated several times 
until analysis of the perfusate indicates that a constant 
and rapid rate of metabolism of the perfused material 
is occurring. 

The alkyl S-homocysteine derivatives used in this 
work were kindly supplied by Dr. H. Waelsch. The 
alkyl mercapto-propionic and -acetic acids were syn- 
thesized by condensation of the sodium alkylmer- 
captides with the sodium salts of 8-bromopropionic or 
monochloracetic acids. They were characterized by 
their M.P. or B.P. and neutralization equivalents. 

The benzylmercapto compounds interfered with the 
estimation of nitrate but not with that of nitrite. All 
experiments on the oxidation in soil of ammonium 
chloride in the presence of these compounds were, 
therefore, conducted in the presence of sodium chlorate 
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which inhibits further oxidation of nitrite to nitrate 
(Lees and Quastel, 1945). 


RESULTS 


The Action of Various Sulphur-Containing 
Amino Acids in Soil 


As the addition of pi-methionine produces an in- 
hibition of nitrification in soil, the action of various 
other S-substituted homocysteine derivatives as pos- 
sible inhibitors was tested. These derivatives were 
perfused through soil at a concentration of 2 X 10-* mM 
in the presence of 10-* m sodium chlorate, with and 
without 10-? mM ammonium chloride. The values re- 
corded in table 1 show the times taken for 50 per cent 
of the nitrogen of the amino acid (in the absence of 
added NH,*+) to appear as nitrite, and the estimated 
increases in lag period before nitrification of am- 
monium chloride began in the presence of the amino 
acids. 

Nearly all the mercapto amino acids investigated 
bring about a diminution of the rate of soil nitrifica- 


TABLE 1. The effect of 2 X 10°°m R-S(O),- 
(CH»2).CH(NH:2)COOH on soil nitrification 


TIME IN DAYS FOR | INCREASE IN LENGTH 
NITRIFICATION OF 50 | OF LAG PERIOD* PRE- 
PER CENT OF THE CEDING NITRIFICA- 
AMINO ACID (IN THE | TION, IN PRESENCE 

ABSENCE OF ADDED OF AMMONIUM 
NHg*) CHLORIDE (0.01 M) 


FORM OF SULPHUR 
PRESENT 


| Mereapto 14 
Sulphoxide 12 
Sulphone 10.! 


Methyl 


Mercapto >20 
Sulphoxide 5 
| Sulphone 


Ethyl 


| Mereapto 
Sulphonet 


Propyl 


Butyl Mercapto 
| Sulphoxide 


Sulphone 


| Mereapto 
Sulphoxidet 

| Sulphonet 
Hexyl Mercapto 
Sulphonet 


Mercapto 
Sulphonet 


Benzyl 





Lauryl | Mereapto 


Sulphone 


* Lag period in days estimated as shown in figure 1. 

t 10-3. 

16.7 X 10-4 M. 

10° m sodium chlorate added to all units and nitrification 
followed by estimation of nitrite production. 


tion. The mercapto compounds cause a far gr 
inhibition than the sulphoxides which, in turn, 
somewhat more effective than the sulphones. 
highest activity in the mercapto series lies bet) 
S-methyl- and S-hexyl-homocysteine. The S- 
compounds seem to cause the greatest inhibitio 
compounds in the sulphoxide and sulphone s 
Borek and Waelsch (1949) have found, however, 
ethionine sulphoxide is the least effective of the si 
oxides tested for inhibition of the glutamic and g 
mine transformation and of bacterial growth. V hie 
pL-methionine is perfused and its disappearance 
lowed chromatographically, no methionine sulph« 

or sulphone is detected in the perfusate. In addi 
the increase in the lag period before nitrification b 
brought about by the addition of pL-methionin., | 
equal to the time during which the methionine ren ains 
in the perfusate. This observation indicates ‘hat 
methionine may be the active agent in securing thi 
inhibition of soil nitrification. It is, however, possibk 
that pL-methionine may give rise to an inhibitory 
intermediate which is rapidly metabolized. 


The Effect of Alkylmercapto Acids and 
Mercaptans on Soil Nitrification 


Some of the likely intermediates in methionie 
metabolism have been studied as possible inhibitors 
of soil nitrification. One such intermediate is a-keto-y- 
methylmercaptobutyric acid, which could be formed 
by the action of amino acid oxidases, attacking eithe: 
the p or the L form of methionine. This keto acid would 
yield, on further oxidation, the corresponding 3. 
methyl mercaptopropionic acid and 
methyl mercaptan. 

The effects of various mercaptoacetic acids, mer- 
captopropionic acids, mercaptans and 
methylmercaptobutyric acid 
investigated. 

a) Effects of mercapto compounds on the nitrificatio: 
of ammonium chloride in fresh soil. The results given 
in figure 1 illustrate the inhibitory action of the «addi- 
tion of 0.01 m sodium ethyl mercaptoacetate to fresh 
soil on the rate of nitrification of ammonium chlorid 
to nitrate. Since the two curves shown are approxi- 
mately parallel, it is concluded that the effect o! this 
compound on nitrate formation in soil is the produe- 
tion of an initial lag period. The effect is similar to 
that brought about by p1i-methionine. The mos 
convenient method of estimating the lag period ‘s 
measurement of the increase in time (AL) required 
for nitrification of 50 per cent of the added ammo ium 
chloride (that is, for the value for ug NO,;’-N/m! per 
fusate to reach 70). However, during the lag p- rio’ 
some nitrite is detectable in the perfusate. The — ddi- 
tion of sodium chlorate eliminates the fu the 
oxidation of nitrite and permits the study oi the 
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MERCAPTO COMPOUNDS AND SOIL NITRIFICATION 
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N TROGEN/ML 


30 + 


ee 
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16 24 
DAYS 

lia. 1. Effect of 0.01 m sodium ethyl mercaptoacetate on 

the rate of nitrification of 0.01 mM ammonium chloride to nitrate. 

@,.01 m Ammonium chloride perfused. O, 0.01 m Ammonium 

chloride + 0.01 m sodium ethyl mereaptoacetate perfused. 

AL, Increase in time required to produce 70 yg nitrate-N per 
ml 


oxidation of ammonia in soil to nitrite only. This 
technique has therefore been used in the following 
studies on ammonium chloride oxidation. 

With  B-benzyl and £-ethyl mercaptopropionic 
acids, which bring about an effective inhibition of soil 
nitrification, -there is a linear relationship between 
AL (the increase in lag period) and the logarithm of 
the concentration of mercaptopropionic acid used 
(figure 2). 

The inhibition is far less with the alkyl mercapto 
acetic acids than with the corresponding propionic 
acid derivatives. Results given in table 2 show the 
values of AL produced by 5 X 10-* m alkyl mercapto- 
acids and benzylmercaptan. The inhibitory effects of 
the addition of alkyl mercaptopropionic acids on nitri- 
fication in soil are unlikely to be due to breakdown to 
the corresponding alkyl mercaptoacetic acids or 
mercaptans, as the latter compounds produce less inhi- 
bition at equivalent concentrations. Further, the alky] 
mercaptopropionic acid which might be derived from 
methionine by oxidative metabolism shows less inhibi- 
tory action than methionine at equimolar concentra- 
tions. The addition of a-keto-y-methylmercaptobutyric 
acid and the corresponding a-hydroxy compound in- 
hibits ammonium chloride oxidation in soil but not as 
effectively as the addition of pit-methionine. For ex- 
amp'«, in one experiment, the value of AL produced by 
> X 10% mM a-keto-y-methylmercaptobutyric acid was 
6 days, in contrast to the value of 13 days for pL- 
meth onine and 17 days for pL-ethionine. 

teneated perfusion of sodium  ethylmercapto- 
propi nate eventually enriches the soil with organisms 
attac ing this substrate. Mercaptan may be detected 
on th» third perfusion after two hours by 1) charac- 


- 








-~30 
LOG (q) 


Fic. 2. Relationship between AL and log concentration of 
inhibitor. @, ), B-Ethyl 
mercaptopropionic acid. ©, Result obtained with 6-methyl 
mereaptopropionic acid. 


8-Benzyl mereaptopropionic acid. 


teristic odor, 2) positive nitroprusside reaction of the 
perfusate, and 3) formation of an insoluble yellow 
precipitate on adding lead acetate to a sample of the 
perfusate. After 4 hours all these tests are negative. 
Mercaptan production during perfusion of alkyl 
mercaptoacetic acids does not seem to occur. Sodium 
methoxyacetate and sodium ethoxyacetate were in- 
vestigated for inhibitory action, these being structural 
analogues of methylmercaptoacetate. They were 
found to be far less active in causing the inhibition of 
the oxidation of ammonia (to nitrite) than the mer- 
capto compounds (table 3). 

It is of interest that 2:4-dichlorophenoxyacetic acid 
has been shown (Smith, Dawson and Wenzel, 1945) 
to inhibit nitrite and nitrate formation in soil at a 
concentration of 100 ppm (5 X 10-* Mm). Recovery 


TABLE 2. The increase in lag periods* preceding ammonium 
chloride oxidation in soil in the presence of various alkyl 
mercapto compounds 


MERCAPTOPROPI- MERCAPTOACETIC 


ALK GROUP 
ALEYL uF ONIC ACID ACID 


MERCAPTAN 


Methyl - 
Ethyl i 
Benzyl 2: 

* All figures are values for AL in days. 

The concentration of ammonium chloride was 10°2mM and 
the concentration of the alkyl mereapto compounds 5 X 1073 mM. 
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TABLE 3. The effect of alkyl mercapto and alkoxy acids on the 
oxidation of 0.01 Mm ammonium chloride in soil 


MEAN VALUE OF pg 
NITRATE NITROGEN/ 
ML PERFUSATE 
AFTER 10 DAYS 


INHIBITOR 


None Tr 89 
0.01 m Methoxyacetic acid....... 73 
0.01 m Ethoxyacetic acid 76 
0.01 m Methylmercaptoacetie acid 48 
0.01 m Ethylmercaptoacetic acid 43 
0.01 m Methylmercaptopropionic acid 24 
0.01 m Ethylmereaptopropionie acid 12 


was observed to take place in 10 to 40 days. Similar 
phenoxy compounds have also been shown to inhibit 
the nitrifying processes (Newman, 1947) although at 
higher concentrations. 

b) The effect of mercapto compounds on the oxidation 
of sodium nitrite in fresh soil. Mercapto acids in soil 
inhibit the oxidation of sodium nitrite in a manner 
similar to their action on the oxidation of ammonium 
chloride. They increase the lag period but have no 
apparent effect on the proliferation constant once 
proliferation is initiated. The values given for AL are 
the increases in the time required for 50 per cent of 
the added nitrite to be oxidized. Typical results are 
shown in table 4. There seems to be little difference 
between the two series of acids as inhibitors of nitrite 
oxidation but again the ethyl derivatives are the most 
effective. 

From another series of experiments the values of 
AL for 5 X 10-* m ethyl mercaptan, 8-ethylmercapto- 
propionate and pi-ethionine were estimated to be 3, 
13 and 27 days, respectively, with sodium nitrite as 
substrate. Again, it seems as if the effective agent 
when the alkylmercapto amino acids inhibit nitrifica- 
tion is neither the corresponding mercaptan nor the 
corresponding mercaptopropionate. 

c) The effect of mercapto compounds on nitrification 
in enriched soils. To decide whether the effects reported 
above are concerned with the enzymes involved in 
the oxidation of ammonium or nitrite ions, or whether 
they affect specific systems concerned only with 
proliferation, these mercapto acids were tested for 
their effects on nitrification in enriched soils. 


TaBLe 4. Increase in lag periods* before nitrite oxidation in soil 
in the presence of alkyl mercapto acids 


MERCAPTOACETIC MERCAPTOPROPIONIC 


ACID 


ALKYL GROUP 


Methyl.... 
| 1, ee 
Benzyl 


* The values quoted are AL in days. 
The concentration of nitrite was 10° m and that of the 
mercaptoacids 5 X 107% m in all cases. 


For the experiment, seven perfusion units y yp 
perfused many times with 10°? mM ammonium chlo. de 


and seven with 10 m sodium nitrite until consi .)1 
rates of nitrate production were observed in all s: || 
Finally, one unit in each set was reperfused \ jt), 
10°? m substrate and the remainder with 5 X 10 y 
methyl, ethyl, and benzyl mercaptoacetates id 
mercaptopropionates, respectively, plus 10-2 m . j). 
strate. 

In no case was oxidation of sodium nitrite with t ese 
enriched soils inhibited by the mercapto compou ds. 
Methyl- and ethyl-mercaptoacetates produced, |}. j- 
ever, 25 per cent inhibition of the rate of nitrate ‘or- 
mation from ammonium chloride while the corresp: :d- 
ing mercaptopropionates gave variable inhibit ons 
with a mean of 50 per cent. The two benzyl derivatives 
gave inhibitions of about 80 per cent, the mercapto- 
propionate being somewhat more effective. 

The rate of oxidation of ammonium ions is inhi!) ted 
on the addition of both alkyl mercaptopropionates «iid 
alkyl mercaptoacetates to a greater extent in fresh soils 
than in enriched soils. Nitrite oxidation is inhibited hy 
the addition of mercapto acids to fresh soils but not to 
enriched soils. It appears, therefore, that the inhibitions 
observed in fresh soils are due to a retardation of the 
onset of proliferation of the responsible organisms. 
These effects on proliferation are similar to those ob- 
tained in the presence of pL-methionine. 


DISCUSSION 


Among the mercapto compounds tested as inhibitors 
of the oxidation of ammonium chloride and of sodium 
nitrite by soil organisms, the most effective are the 
mercapto amino acids of the S-alkyl homocysteine 
series. Both the corresponding sulphoxides and _sul- 
phones are less inhibitory than the simple mercapto 
amino acids. 

A conversion of the alkyl mercapto a-amino «vids 
to the alkyl mercaptopropionic acids cannot wholly 
account for their inhibition of soil nitrification, although 
the mercapto acids are themselves good inhibitors oi 
this process. Moreover, the a-hydroxy and a-keto 
compounds corresponding to methionine inhibit an- 
monium chloride oxidation in fresh soil less effect :vely 
than methionine itself. The evidence would ind cate 
that the inhibitory effects of methionine and honilo- 
gous amino acids on the process of nitrification ¢: not 
be ascribed to the effects of their oxidation prod icts. 

There can be no doubt, however, that the «ky! 
mercaptopropionic and acetic acids inhibit per se ome 
mechanism concerned in the proliferation of the ni rily 
ing organisms and that they inhibit the oxidati 
ammonia itself. None of these compounds, how 
inhibits the production of nitrite from pyruvic « <ime 
by heterotrophic organisms (Quastel, Scholefielc ant 
Stevenson, 1952). Experiments are now in pre :res 
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iscertain what enzymic mechanisms are inhibited 

the mercapto acids. 

‘he production of mercaptan from the mercapto 
“pionates but not from the mercapto acetates in- 

ites that there is not a direct cleavage of the C-S 

d to give a mercaptan but rather an oxidation of 

propionic acid moiety. 


ACKNOWLEDGMENTS 


tur grateful thanks are due to the National Cancer 
titute of Canada for a grant towards an investiga- 
, on metabolic inhibitors. We are also most grateful 
yr. H. Waelsch for a supply of alkyl S-homocysteine 
vatives. 


SUMMARY 


he effects of a number of S-alkyl homocysteine 

pounds on the process of soil nitrification have 

n investigated. All compounds, whether of the 

capto, sulphoxide or sulphone series, when added 

oil, inhibit the conversion of -NH,+ or NOs~ into 
NO;-.. The largest inhibitory effect results from the 
addition of the mercapto compounds and the ethyl 
derivatives in each series. 

The addition of alkylmercapto derivatives of pro- 
pionie and acetic acids inhibits the process of nitrifica- 
tion in soil by prolongation of the period before 
nitrification begins. Using the increase in lag period 
as « measure of inhibitory action, it is found that the 
effect of pL-ethionine exceeds that of 8-ethylmercapto- 
propionic acid and the effect of the latter exceeds that 
of ethyl mercaptan. The a-hydroxy and a-keto com- 
pounds corresponding to methionine are inhibitors but 
are not as effective as pL-methionine itself. 

Studies with fresh and enriched soils have shown 


that the effect of the mercapto acids on ammonia ox- 
idation is largely concerned with the process of proli- 
feration. With nitrite oxidation, however, only the pro- 
liferation of the responsible organisms is affected. 

None of the sulphur compounds studied inhibits 
nitrite production from pyruvic-oxime by hetero- 
trophic organisms. 
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In various operations connected with antibiotic 
production and other microbiological processes, large 
volumes of sterile air are required. One of the methods 
commonly employed for sterilizing air for such pur- 
poses is filtration through beds of materials such as 
cotton, carbon, slag wool or glass wool. 

Preliminary to conducting pilot plant studies on 
design of air filters, some laboratory work was carried 
out to select the filtering materials which gave promise 
of being most effective and most adaptable to plant 
use. A description of the equipment used is given in 
this report as well as some examples of test results 
obtained. 


MATERIALS AND METHODS 
Equipment 

The procedure used was to contaminate a stream 
of air with bacteria, bacterial spores or bacteriophage 
and feed the air into two small filters arranged in 
parallel. Sampling devices were located before and 
after the filters so that “breakthrough” or presence of 
organisms in the air leaving the filters could be de- 
tected. Thus, a direct comparison of any two filtering 
materials could be made by packing them into the 
two parallel filters and determining the times required 
for breakthrough under identical conditions. 

A diagram of the equipment used is given in figure 1. 

Air is introduced from a compressed air line through 
a cotton filter contained in a glass tube (GF) and a 
flowmeter (Fl) into a Vaponephrin nebulizer (A-1) 
containing bacteria, spores or phage previously in- 
troduced through a port in the nebulizer. The con- 
taminated air stream (A-1) is mixed with a secondary 
air supply introduced at A-2 to give any air flow de- 
sired above that required for nebulizing the culture. 
The contaminated air then enters a mixing chamber 
(MC) where the larger droplets settle out. The finely 
dispersed droplets pass on with the air to the test 
filters (TGF). Ahead of the filters is a mercury safety 
valve (M.SV) which releases excess pressure if it 
develops. Also, ahead of the filters is a sampler con- 
taining an impinger (1M-1) for determining the 
number of organisms in the air stream. The air divides 
between the two test filters (TGF), one of which holds 


a control filtering material and the other a test sam le. 
From the filters, the air passes through air samp e 
containing impingers (1M-2 and 1M-3). The air 1 vey 
passes through flowmeters for measurement of ‘he 
airflow through each filter. Finally the air is pa-sed 
through cotton filters to trap any residual mivro- 
organisms and prevent gross contamination of labora- 
tory air. 

The air samplers are the capillary impinger type 
described by Rosebury (1947) and Kluyver and 
Visser (1950). They are 125-ml sidearm Erlenmeyer 
flasks joined to the apparatus with ground glass joirts. 
The samplers hold 50 ml of sterile water. Air is intro- 
duced under the surface of the water through 1-milli- 
meter capillary orifices. The side arms of the samplers 
are positioned so samples may be removed at intervals 
during the test runs. The samples are plated to deter- 
mine the presence and the numbers of organisms. 

The test filters are glass cylinders with ground g!ass 
removable ends. They are packed by introducing the 
sample filtering materials directly into the cylinders 
to the desired packing density. Suitable holders or 
clamps are used if necessary to hold the sample filter- 
ing material in place. 


Operating Procedure 

In most tests a well-sporulated culture of Bacillus 
subtilis morphotype globigit (B. globigit) was used as 
test organism. The culture was introduced into the 
air stream at a rate of 2.5 ml per hour which gave an 
air loading of around 20,000 cells per liter of air. 

Air was passed through the nebulizer at 4 liters per 
minute. The secondary air rate was 0.5 liter per min- 
ute. The air rate through each of the samplers as 
1.5 liters per minute. 

The efficiency of the samplers in recovering or- 
ganisms from an air stream was determined by using 
two samplers in series and finding the numbers tray ped 
in each of the samplers by plate count. A second 
method was to pass the vented air from a sampler 
into a glass wool filter and determine the numbe:s o/ 
organisms caught in the sampler and in the glass \ 00! 
filter. Some test results obtained by the latter me: !iod 
are given in table 1. By both test procedures, the 
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samplers were found in all cases to be over 95 per cent 
efficient and in most cases over 99 per cent. 

The recovery of organisms over the nebulizing 
system was determined by calculating the number 
entering the air stream by making plate count data 
of the suspensions used and determining the number 
of viable cells in the air stream by use of a sampler, 
IM-1, located just ahead of the filters. Table 2 shows 
the recovery of different organisms over this part of 
the system. 

Nonabsorbent cotton was chosen as the standard 
filtering material against which other samples were 
compared. Six grams of cotton were packed into a 
3-inch deep bed giving a density equivalent to 6.25 
pounds per cubic foot. The linear air flow through the 
bed was approximately 6 feet per minute. 

It was found that channelling was minimized and 


laste 1. Recovery of microorganisms from an air stream by 


means of impinger samplers 





RECOVERED IN 
RECOVERED IN a 

ie RECOVERED IN a Seed SAMPLER AS PER 

sT ORGANISMS rpeporcgaaa oo CENT OF TOTAL 

RECOVERED 
Bacill »s globigii 7.5 X 108 102 99.99 
spo S 
Escher chia coli cells 8 x 10° 500 99 .99 
Strepl myces griseus 1X 107 1000 99.99 
phage 


more reproducible breakthrough times were obtained 
when the cotton was packed as a series of pads rather 
than as one continuous packing. Therefore, six 1-gram 
pads of cotton were used in the control filter. The use 
of pads also made it easy to study penetration of the 
filter by testing for numbers of organisms trapped on 
each pad. 


TABLE 2. Recovery of different microorganisms over 
the nebulizing system 


TOTAL NO. RECOVERED IN PER CENT 
Ae) ORGANIS S 
San eee NEBULIZED SAMPLER RECOVERED 


Bacillus globigti 1.5 & 106 7.5 X 105 50 
spores 

Escherichia coli cells 1.0 XK 10! .O X 10° 

Streptomyces griseus 1.5 X 108 1.0 < 10 
actinophage 


TABLE 3. Test results with several filtering materials 


BREAK- 
THROUGH, 
HOURS 


FILTERING MATERIAL BED DEPTH 


Cotton 
Carbon, 10 x 20 mesh 
Slag wool 


Glass wool 


Filter paper... 1 sheet 


oS 


Carbon, 30 x 50 mesh 3” 


Asbestos-cellulose ten’, 1 sheet 


V 
go oO 
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The filters were sterilized by autoclaving at 120 C 
for 1 hour. 


EXPERIMENTAL RESULTS 


The results listed in table 3 illustrate how this 
equipment has been used. 

Bulk materials were tested in volumes equal to 
those occupied by the cotton controls. Sheet materials 
were tested as single layers held between the ground 
glass joints. 

The cotton controls gave an average breakthrough 
time of 4 hours. Slag wool and 10 X 20 mesh carbon 
were comparatively ineffective. filter 
paper and 10 micron glass wool were somewhat better 
but inferior to cotton. 30 X 50 carbon was slightly 
better than cotton. A 


Laboratory 


sheet of asbestos-cellulose 


paper! was the most efficient of the materials tested. 
In other experiments it showed no breakthrough in 
up to 190 hours. This material is that contained in 
the Cambridge Absolute Filter and is comprised of 
cellulose and asbestos fibers. (Northrup, 1953) 


1 Cambridge Corporation, Syracuse, N. Y. 
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SUMMARY 


Laboratory equipment has been designed in w 
filtering materials may be tested for effectiveness 
air sterilization. 

Examples of filtration test results show that 
general, materials with the smallest particle siz 
smallest fiber size are more effective in remo 
bacteria and spores from air. An asbestos-cellt 
filtering material was the most 
tested. 


effective mat: 
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n the dairy industry, cultures of Streptococcus lactis 
or Streptococcus cremoris, commonly referred to as 
lactic streptococci, are used for the development of 
lactic acid in various products. These cultures may be 
attacked by bacteriophages, preventing normal lactic 
fermentation. The characteristic and limited range of 
activity of a bacteriophage when tested against a group 
of lactic streptococci has been the principal means of 
distinguishing between various bacteriophage strains, 
although plaque size and heat tolerance also have been 
employed. Additional means of ‘differentiating lactic 
streptococcus bacteriophages for purposes of identifica- 
tion and classification are needed. The purpose of this 
investigation was to determine whether various strains 
of bacteriophage active against lactic streptococci could 
be differentiated by serological methods. 


HISTORICAL 


In 1921, Bordet and Ciueca showed that blood sera 
of rabbits previously injected with active bacteriophage 
filtrates contained antibodies (antiphage) which neu- 
tralized the activity of the bacteriophage. Serological 
methods since have been employed successfully for 
classification of bacteriophages active against dysen- 
tery-coli organisms (Burnet, 1933), Escherichia coli 
strains (Hershey, Kalmanson and Bronfenbrenner, 
1943; Luria, 1945; Delbriick, 1945, 1946), hemolytic 
streptococci (Evans, 1934; Evans and Sockrider, 1942) 
and staphylococci (Rountree, 1949). 

Whitehead and Hunter (1937) used one bacterio- 
phage (RW), active against S. cremoris, and a secondary 
bacteriophage (RW1), active against a secondary 
culture derived from the first, to prepare two antisera, 
bot! of which neutralized only these two related 
bacteriophage strains. Nichols and Hoyle (1949) used 
10 untiphage sera to separate 59 test bacteriophages 
active against lactic streptococcus cultures into three 
sero ogical groups. Four additional sera were reported 
specific only for their homologous bacteriophage strains. 
Use of somewhat diluted bacteriophage and diluted 

per No. J-2475 of the Iowa Agricultural Experiment 
i, Ames, Iowa. Iowa Project No. 652. 
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sera apparently resulted in neutralization of bacterio- 
phage by closely related sera only, and possible partial 
bacteriophage strain relationships were not detected. 
Consequently they considered their results qualitative 
rather than quantitative. 

When bacteria-free filtrates were obtained from 
several different sources, Nelson, Harriman and Ham- 
mer (1939) found that many apparently different host 
bacterial cultures were required for isolation and con- 
tinued propagation of the different bacteriophage 
strains. Whitehead and Hunter (1939) reported the 
isolation of nine apparently separate bacteriophage 
strains by using various S. cremoris and S. lactis cul- 
tures as test organisms. They pointed out the limited 
significance of differentiation of bacteriophage strains 
solely on the basis of activity patterns exhibited against 
a series of test cultures. Anderson and Meanwell (1942) 
demonstrated that most bacteriophage strains gener- 
ally exhibited activity only against specific culture 
strains and that commercial mixed-strain cultures 
sometimes were attacked by more than one bacterio- 
phage strain. Nichols and Wolf (1945) tested 72 bac- 
teriophage strains against 64 culture strains and re- 
ported that some bacteriophages were active against 
only their homologous organism strains, while others 
were active against as many as 10 culture strains. Hun- 
ter (1946) observed a tendency toward strain specificity 
in the bacteriophages that attack the S. cremoris types 
and a general lack of specificity of the bacteriophages 
active on the S. lactis types. Hunter (1947) noted vary- 
ing degrees of activity by the same bacteriophage on 
different susceptible cultures. He was able to group five 
bacteriophage strains into three “general types’, 
but the members of these groups did not exhibit iden- 
tical activity patterns. Babel (1947) reported 10 dis- 
tinct bacteriophage types active against 1 or more of 
15 S. lactis culture strains, the differentiation being 
based on the activity patterns exhibited by the bac- 
teriophages. Deane and Nelson (1952) found that 
commercial lactic cultures might be infected by several 
strains of bacteriophage differentiable by means of dif- 
ferences in range of bacteria attacked. 

Bacteriophage strains also have been used for iden- 
tification of certain lactic streptococcus cultures. 
Nichols and Hoyle (1949) obtained 11 culture groups 
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TABLE 1 


Iowa State 
College 
Bacteriophage 
Designation 


Original 
Designation 
by Sender 


Homologous 
Culture 
Designation 


Received From 


67 144f 144F Agnes A. Nichols, 
F68 Ipd IP5 Natl. Inst. for 

Research in 
318B/27 


74 318b/27 Dairying, Read 


ing, England 


B. Anderson, 
United Dairies, 
Ltd., London, 
England 


F58 H. R. Whitehead, 
F59 - Dairy Research 
F60 Inst., Palmerston 
F61 North, New Zea- 
62 - land 

F63 

64 

F65 

F66 

F69 

F71 


F72 


F70 Robert Dumais, St. 
R75 j Hyacinthe, Que- 
bec, Canada 


* Culture K from New Zealand redesignated K2 upon 
receipt to avoid confusion with Iowa culture K. 
by typing 375 lactic streptococcus cultures with 78 
test bacteriophages. Identification of a culture type 
and 
not on the reaction of a single bacteriophage strain, 


’ 


was based on the reactions of a ‘‘phage pattern’ 


since the reactions of the various cultures rarely were 
exactly the same. They pointed out the difficulties of 
culture typing by use of bacteriophage and considered 
the 11 types subject to alteration and adjustment 
when further information was available concerning the 
bacteriophage-organism relationships. 

Similar bacteriophage typing procedures also have 
been used for other bacterial cultures, such as the 
hemolytic streptococci (Evans, 1934), Bacillus typho- 
sus (Craigie and Yen, 1938), Staphylococcus aureus 
(Fisk, 1942), Escherichia coli (Delbriich, 1946) and 
Staphylococcus pyogenes (Hobbs, 1948). 


MATERIALS AND MeEtTHops 
For this study 65 bacteriophage preparations active 
against various cultures of lactic streptococci were 
used. Of these preparations, 42 were isolated in the 
United States, principally in lowa; some of these un- 
doubtedly were different isolations of the same strain. 
Twenty-three bacteriophage preparations were ob- 


tained from investigators in England, New Zeala (| 
and Canada, as shown in table 1. 

All bacteriophage strains employed for antiser 
production and also strains P13, 10, 20, 21, 44, 58 : 
68 were purified by two successive single plaque isi 
tions immediately before use. All bacteriophage stra \. 
designated by the letter P also had been obtained fr 
single plaque isolations. A number of the other strs .\. 
used had been purified similarly during this st) 
and other studies in these laboratories. All bacte \o- 
phage strains had been propagated a number of tir ves 
on individual strains of bacteria of established purity 

Bacteriophage strains were propagated by trans 
ring | ml of susceptible culture into 100 ml of sto ile 
skim milk to which also was added 1 ml of active | w- 
teriophage filtrate. After incubation for 8 hours at 32 
C, the material was coagulated by acidification \ ith 
lactic acid and filtered through paper; bacteria-):ce 
filtrates were prepared from this whey by using Seis 
#03 microporous porcelain filters. The filtrates \ ore 
diluted 1:10 in skim milk (final pH about 6.3) and 
stored at 3-5 C. 

Bacteriophage enumeration was by the limiting dilu- 
tion method. To triplicate tubes each containing 8 mil 
of sterile milk was added the decimally diluted |v.- 
teriophage and one drop of a 1:10 skim milk dilution 
of a fresh (24-hour) culture of susceptible organism. 
Incubation was at 32 C for 14-16 hours. Tubes jot 
showing the normal acid, reducticn and coagulation, 
as compared to a control containing no bacteriophage, 
were considered to contain at least one bacteriophage 
particle or lytic unit. MeCrady probability tables 
(Buchanan and Fulmer, 1928) were used for making 
the estimate of numbers. The bacteriophage concen- 
tration was expressed either exponentially or as the 
logarithm of the concentration. Filtrates containing 
10° or 10" bacteriophage particles per milliliter gever- 
ally were obtained. 

For determining the activity patterns, one drop oi 
active bacteriophage filtrate having a titer of 10! 
or more per milliliter and one drop of a 1:10 skim milk 
dilution of freshly-grown litmus milk culture were 
added to 8 ml of litmus milk, mixed thoroughly, snd 
incubated for 16 hours at 32 C. Those tubes of cul: ure 
plus filtrate showing appreciably less growth than the 
bacteriophage-free control cultures were considered 
susceptible to the respective bacteriophages. Add‘ ion 
of 10 per cent strained vegetable juice® and 2 per ent 
skim milk solids to the litmus milk improved i' for 
demonstrating activity of the bacteriophages by this 
procedure. 

In preparing antigen for injection, bacteriop! ige- 
containing whey filtrates were neutralized to pH 7.4, 

*Selas Corp. of America, Philadelphia, Pennsylvani 


5 Made by Campbell Soup Co., Camden, N. J., and soli 
under the trade name V-8 Cocktail Vegetable Juices. 
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cer (rifuged to remove a flocculent precipitate, and the 
‘rnatant liquid stored at —20 C. The bacteriophage 
rs were over 10’ at the time of intraperitoneal in- 
ion into rabbits. Eleven different bacteriophage 
yarations were injected at 48-hour intervals for 
ut 1 month, starting with 0.5-ml injections and 
lually increasing to 5 ml per dose. The antisera 

e preserved by freezing. 

n determining antiphage activity the bacterio- 

ge filtrate diluted 1:10 in skim milk was mixed with 

‘qual amount of antiserum previously diluted 1:10 
listilled water. This mixture was incubated at 35 C 
1 to 4 hours, followed by measurement of the 
lual bacteriophage. Preliminary trials have shown 
dilutions of 1:1000 or greater were required to 
te out the antiphage activity, but the dilution of 
:-0 in the final reaction mixture was adopted as 
dard procedure. At 35 C three representative 
ha teriophages acted upon by their homologous an- 
tiscra were neutralized from high titer levels down to 
10! or less in 60 minutes and no further reduction in 
titer occurred on prolonged incubation (figure 1). An 
incubation period of at least 1 and not more than 4 
hours was adopted for subsequent studies. Normal 
blood serum obtained prior to the course of bacterio- 
phage injections did not reduce the effective bacterio- 
phage concentration under these experimental condi- 
tious. 

Three different bacteriophages were allowed to react 
with their homologous sera at various known pH levels 
(figure 2). Below pH 5.0 there was a marked inhibition 
of the bacteriophage neutralization reaction, while 
between pH 5.6 and pH 8.0 the neutralization reaction 
was not influenced appreciably by pH. Ail subsequent 
bacteriophage-antiphage reactions were carried out 
within the pH range 6.1 to 6.5. 

The 11 antiphage sera were tested against 66 bac- 
teriophage strains. Some of the data obtained are pre- 
sented in table 2. The numbers expressed as logarithms 
of bacteriophage concentrations represent averages of 
two or more trials for each combination. Roman nu- 
merals (capital letters for subgroups) are used for bac- 
teriophage group designations and the corresponding 
cullire groups are designated with Arabic numbers and 
smi! letters. Sera of unrelated bacteriophage groups 
generally did not cause titer reductions greater than 
3.0 logarithmic basis), while related types generally 
shoved titer differences of 5.0 to 6.0. Borderline cases 
limiied somewhat the separation value of the method 
emp oyed, but the serological patterns permitted dif- 
flere: ‘iation into what apparently were reasonably 
hom. geneous groups. 

D: ia on activity patterns exhibited by the various 
bact: iophage strains tested against a representative 
grou, of sensitive lactic streptococcus cultures are 


prese ted in table 3. These data represent the reaction 
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most commonly obtained for a given combination after 
several trials. Inability to obtain completely consistent 
patterns, especially in certain borderline cases, has been 
encountered quite frequently when using this method. 
All of the bacteriophages placed in groups I and II 
(table 2) were neutralized to a high degree by antisera 
prepared against P2 and P8. The three subgroups, LA, 
IB, and IC, were recognized because of the differences 
in organisms lysed (table 3). The bacteria lysed by 
bacteriophages of group II belong to a group quite 
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TABLE 2. Serological relationship of various lactic streptococcus bacteriophages 


Control Logarithms of Titers After Reaction of Bac teriophage with Antiserum Prepared from Bac teriophage Number: 
Phage No. Titer 


P8 | 69 56 | 68 62 P11 43 | 24 70 
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TABLE 2—Continued 


iaadens Logarithms of Titers After Reaction of Bacteriophage with Antiserum Prepared from Bac teriophage Number 
ontro 

liter 

P8 69 56 68 62 Pil 43 24 
Group VI 

20 
21 6 b.¢ 5.3 a 6.6 
247 ) 5. 5 7.4 


5.6 


Group VII 


70t 5. 6.7 Dee 7.9 1 
7 


7 
75t ; 4.8 5. 6.3 6. 


Decreases in bacteriophage concentrations of greater than 3.0 are bold face. 
Bacteriophage strains used to prepare antiphage sera. 


TABLE 3. Activity patterns exhibited by various bacteriophage strains against various lactic streptococcus cultures 


Cultures Bacteriophage Strains in Group 


II 


H1-1 
H1-5 
H1-11 


H1-: 
HI 


H1- 
Es 
FH-8 


H1-8 
] 
1 


712 
HP 
144F 


H1-10! 


K2 


W2, W8 
W4 


459, MUI 
KH 

FD20 

Mi 

FD4, FD56 
IP5 


= active; blank = inactive; 0 = undetermined; ? = questionable. 
rains of bacteriophage used to prepare antisera are bold face. 
iteriophage strains 2, 3, 4, 8, 9, 12, 32, P6 and P7 gave patterns identical to that of PS. 
icteriophage strains 7, 22, 34, 35, P4, P12 and P14 gave patterns identical to that of P2. 
icteriophage 66 gave a sensitivity pattern identical to that of 49. 

cteriophage strains 1, 10, 11, 43, 44, 46, 47, 48, 76 and P10 gave patterns identical to that of P11. 
cteriophage 20 gave a sensitivity pattern identical to that of 24. 

ilture strains 122-1 and 146-1 gave sensitivity patterns identical to that of H1-10. 
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unrelated to the bacteria attacked by bacteriophages 
of group I. Reasonable question could be raised as to 
whether group II should be recognized as more than a 
subgroup of group I. Inclusion of bacteriophage 69 
in group I is predominantly on the basis of the con- 
siderable neutralization by antisera P2 and P8 and 
the activity against those bacterial strains commonly 
attacked by bacteriophages of group I. The failure of 
antiserum against 69 to neutralize any of the other 
bacteriophages in group I is somewhat disturbing. 
However, some of the other strains placed in group I 
might have given rise to similar highly specific antisera 
had they been used as antigens for injection. Strain 
68, which was placed in group IV, also is partially 
neutralized by antisera of group I. However, antiserum 
against strain 68 does not neutralize the bacterio- 
phages of group I and the organisms attacked by 68 
are entirely different from those attacked by strains of 
group I. 

Unfortunately none of the strains selected‘ for in- 
jection belonged to group II. Thus it is not known 
whether an antiserum prepared against a member of 
this group would neutralize bacteriophages of group I 
or be more effective than antisera of group I in neutral- 
izing bacteriophages in group II. 

Group III strains have the common characteristic 
that they all are neutralized to a considerable degree 
by an antiserum prepared against one of them (strain 
56), as well as by all the other antisera except that 
prepared against group VI. Strangely, strain 56 shares 
with the bacteriophages of group VI the ability to 
lyse W2, W4, FD4 and FD56 but still group II shows 
no demonstrated serological relationship to group 
VI. 

The 14 bacteriophage strains not sensitive to the 
available sera are considered in the ‘‘ungrouped”’ 
category. No antisera have been prepared using these 
ungrouped bacteriophages. Until these strains and 
others from additional sources are used as antigens 
and the reactions of the resulting antisera are deter- 
mined, conclusions cannot be reached as to whether 
other serological groups should be recognized among 
the available strains of bacteriophages active against 
lactic streptococci. 

Plaques of representative bacteriophage strains of 
six groups usually were between 1.1 and 1.6 mm in 
diameter, while strains F24 and F20 of group VI 
produced plaques approximately 0.33 mm in diameter 
and F21 of this group characteristically produced 
slightly larger plaques. Plaque size may be of value 
for differentiation in some cases, but does not appear 
to be of much value for group classification. 

The earlier conclusion of Parmelee, Carr and Nelson 
(1949) and Shew and Hodge (1950) that the strains of 
bacteriophage are so nearly alike in particle size and 
shape that they cannot be differentiated satisfactorily 


on the basis of morphology has been confirmed. Hoy 
ever, Overby (1949) has reported a strain possessi) 
somewhat larger dimensions. Williamson and Bertat 
(1951) observed a strain with an unusually lon 
flagellum-like ‘tail’, although nine other strains h:; 
the common morphology. 

DiscUSSION 

Reasonably good agreement. between the groups « 
tablished by serological means and the groups esta 
lished by the more widely used activity pattern meth: (| 
of identification was found. However, some of the b 
teriophage strains which were neutralized by a comm 
antiserum did not attack the same strains of bacte: 
Examples of this are bacteriophages in groups II, | | 
and LV, all of which show some sensitivity to antis« 
against group I, although none act upon the bacte) is 
usually lysed by group I bacteriophages. On the ot} 
hand, bacteriophages lysing some of the same cultures 
may belong in entirely different serological groups. \1 
example of this is that the four bacteriophage stra ‘is 
active against FD4 and FD56 fall into three serologi:«! 
groups. One possible explanation is that the partial 
relationship between range of cultures lysed ay 
serological characteristics of the bacteriophages may 
be only fortuitous because of the strains tested, mary 
of which have similar origins. The serologically similar 
strains also might be active against one or more com- 
mon hosts not represented in the collection of test cul- 
tures, the relationship on the basis of lysis of common 
cultures thus being masked. On the other hand, a 
correlation between serological and host range tech- 
niques of classification has not been found among othe 
bacteriophages, so lack of a high level of correlation 
in the present studies is not surprising. 

The groupings established in these studies agreed 
fairly well with the sources of the bacteriophage stratus 
and aided materially in their identification. Of the 
Iowa State College bacteriophage strains, those ‘so- 
lated on related cultures over periods of up to 4 yews 
showed similar serological classification and activity 
patterns. From the practical standpoint in the contro! 
of bacteriophage in dairy plants, the classification 
according to host range is much more important t/ial 


the serological classification; no practical applica’ ion 
has been evolved for the latter, while the forme is 
used extensively in choosing cultures which are jot 


susceptible to lysis by bacteriophage strains which } iay 
have become established in a dairy plant. 

Nichols and Hoyle (1949) classified bacteriop! age 
strains 1p5, 144f, and 318b/27 in their serolos ca! 
group i. In the present study these have been fe ind 
to be differentiable with the available sera, being p!: ed 
in serological groups IV, III and ‘“‘Ungrouped”’, re= sec- 
tively. 

The seven groups recognized in the present s) \(l) 
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my be compared to the numbers reported for other 
ba teriophage types. Burnett (1933) established 12 
groups for the dysentery-coli bacteriophages from 48 
ins, five of which were not neutralized by the 
ilable sera. The bacteriophages active against 
lytic streptococci have been classified into five 
logical groups by Evans (1934) and Evans and 
krider (1942). The seven **T’’-system FE. coli bac- 
ophages belong to four serological groups (Delbriick, 
6). Rountree (1949) established six serological 
ips from 31 staphylococcal bacteriophages. Fried- 
1 and Cowles (1953) divided five bacteriophages 
ve against Bacillus megaterium into three groups, 
of which was divided further into two subgroups. 


SUMMARY 


n this investigation, 51 of 65 bacteriophage prepara- 
tins actjve against lactic streptococci have been clas- 
sifi-d into 7 serological groups, while the relationships 
of 14 remaining strains were not established, since 
available sera were not active on these latter strains. 

When the activities of the different bacteriophages 
are Measured against various cultures of lactic strep- 
tococel, the resulting patterns may be used in a general 
way to identify similar strains of bacteriophages. The 
activity method of testing bacteriophage strains against 
culiure strains is not entirely reliable for classification 
when used as the sole basis of differentiation, but be- 
comes more significant when considered in conjunction 
with the serological groupings with which a relatively 
good agreement has been shown. 


REFERENCES 

ANDERSON, Kk. B., AND MEANWELL, L. J. 1942) The problem 
of bacteriophage in cheese making. I. Observations and 
investigations on slow acid production. J. Dairy Re 
search, 13, 58-72. 

BaneL, F. J. 1947 Studies on the susceptibility of certain 
cheese cultures to the action of bacteriophage. J. Dairy 
Sei., 30, 507-516. 

BorveT, J., AND Cruca, M. 1921 Autolyse microbienne et 
serum antilytique. Compt. rend. soc. biol., 84, 280-282. 

BucHuANAN, R. E., aNpb Futmer, KE. I. 1928 Physiology and 
Biochemistry of Bacteria. Vol. 1, pp. 8-12. The Williams & 
Wilkins Co., Baltimore, Md. 

Beurvet, F. M. 1933 The classification of dysentery-coli 
icteriophages. Il. The serological classification of coli 
vsentery phages. J. Path. Bacteriol., 36, 307-318. 

CRaiaiE, J.. AND YEN, C. H. 1938 The demonstration of 
pes of B. typhosus by means of preparations of type II 
i phage. Can. Public Health J., 29, 448-463, 484-496. 

Deas, D.D., aNp Netson, F. E. 1952 Multiple strain bac 
riophage infections of commercial lactic cultures. J. 
ry Sci., 35, 668-674. 


De.prRicK, M. 1945 Effects of specific antisera on the 
growth of bacterial viruses (bacteriophages). J. Bac 
teriol., 50, 137-150. 

DecpricKk, M. 1946 Bacterial viruses on 
Biol. Revs. Cambridge Phil. Soc., 21, 30-40 

Evans, A.C. 1934 Streptococcus bacteriophage: A study of 
four serological types. U.S. Publie Health Repts., 49, 
1386-1401. 

Kvans, A.C., AND SockripER, Ek. M. 1942 Another serologic 
type of streptococcic bacteriophage. J. Bacteriol., 44, 
211-214. 

Fisk, R. T. 1942) Studies on staphylococci. Il. Identifies 
tions of Staphylococcus aureus strains by means of bac 
teriophage. J. Infectious Diseases, 71, 161-165. 

FRIEDMAN, M., AND Cowes, P. B. 1953 


bacter iophages. 


The bacteriophages 
of Bacillus megaterium. I. Serological, physiological and 
biological properties. J. Bacteriol., 66, 379-385. 

Hersuey, A. D., Katmanson, C. M., aND BRONFENBRENNER, 
J. 1943 Quantitative methods in the study of phage 
antiphage reaction. J. Immunol., 46, 267-27! 

Hopps, B.C. 1948 The serological typing of Staphylococcus 
pyogenes and its relationship to bacteriophage reactions. 
J. Gen. Microbiol., 2, xxx. 

Hunter, G. J. KE. 1946 The differentiation of Streptococcus 
cremoris and Streptococcus lactis by means of bacteriophage 
action. J. Hyg., 44, 264-270. 

Hunter, G. J. E. 1947 Phage-resistant and phage-carrving 
strains of lactic streptococci. J. Hyg., 45, 307-312. 

Luria, S. Ek. 1945 Mutations of bacterial viruses affecting 
their host range. Genetics, 30, 84-99. 

NELSON, F. E., Harriman, L. A., AND Hammer, B. W. 1939 
Slow acid production by butter cultures 
Research Bull. 256. 

NicHous, A. A., AND Hoynr, M. 1949 Bacteriophage in typ- 
ing lactic streptococci. J. Dairy Research, 16, 167-208. 
Nicuous, A. A., AND Wotr, J. Z. 1945 Observations on cheese 
starters with reference to bacteriophage and the phage- 
organism relationships of strains isolated. J. Dairy 

Research, 14, 81-93. 

OverBy, A. J. 1949 Syrningsvanskeligheder forsarsaget of 
Bakteriofager. Maelkertidende, 62, 809-814, 829-837. 
PARMELEE, C. E., Carr, P. H., anp Netson, F. E. 1949 
Klectron microscope studies of bacteriophage active 

against Streptococcus lactis. J. Bacteriol., 57, 391-397. 

RountTREE, P. M. 1949 The serological differentiation of 
staphvlococeal bacteriophages. J. Gen. Microbiol., 3, 
164-172. 

Suew, D. I., anpb Hopge, A. J. 1950 Electron microscope 
studies on starter cultures and bacteriophages. Austral- 
ian J. Dairy Technol., 5, 99-102. 

WuitEHEAD, H. R., ann Hunter, G. J. E. 1937 Observa- 


lowa Agr. Sta. 


tions on the activity of bacteriophage in the group of 

lactic streptococci. J. Path. Bacteriol., 44, 337-347. 
Wuitenkab, H. R., anp Hunrer, G. J. E. 1939 Bacterio- 

phage-organism relationships in the group of lactic strep- 

tococci. J. Dairy Research, 10, 403-409. 
Wituramson, K. I., anp Bertaup, W. 8S. 1951 A new bae- 
teriophage active against a lactic streptococcus. J. 
Bacteriol., 61, 643-645. 





Heat Inactivation of Bacteriophage Strains 


Active Against Lactic Streptococci 


H. H. Wiitkxowske’, F. E. NEtson, anp C. E. PARMELEE? 


Iowa Agricultural Experiment Station, Ames, Iowa 


Received for publication February 15, 1954 


The purpose of this investigation was to obtain fur- 
ther information on the time-temperature relationships 
in the heat inactivation of bacteriophage strains active 
against Streptococcus lactis and Streptococcus cremoris 
and to determine whether the heat resistance charac- 
teristics of various bacteriophage strains were related 
to other criteria used in bacteriophage classification. 

Harriman, in his unpublished thesis (1934), reported 
that heating at 60 C for 5 minutes destroyed the ac- 
tivity of bacteria-free filtrates which caused inhibition 
of acid production in butter cultures. These studies 
were carried out on acid filtrates of undesignated pH. 

Whitehead and Cox (1936) reported that one strain 
of lactic streptococcus was not resistant to 70 C for 
30 minutes, and another was destroyed by 50 C for 
30 minutes. Whitehead and Hunter (1937) reported 
that all the bacteriophages they investigated had a 
thermal death point of 70-75 C at pH 6.0, with the 
exception of one which was destroyed at 55-60 C. 

Yakovlev (1939) reported that a bacteriophage ac- 
tive against a strain of S. cremoris resisted 80 C for 
10 minutes in small volumes, and that it survived 
heating at 90 C for 5 minutes, in large volumes of 
whey. 

Nelson, Harriman and Hammer (1939) reported 
that 15 minutes at 70 C was required to inactivate the 
most resistant bacteriophage strain active against S. 
lactis. The most heat labile strains were inactivated in 
less than 5 minutes at 65 C. These studies were carried 
out at neutral reaction. 

Whitehead (1944) showed that heating cream con- 
taining 50 per cent fat at 170 F for 30 minutes in hot 
water failed to destroy bacteriophage, but heating to 
220 F with live steam and holding for 30 minutes was 
adequate for bacteriophage destruction. 

Nichols and Wolf (1945) reported that 26 bacterio- 
phages of lactic streptococci were not destroyed by 
heating for 50-60 minutes at 65-67 C and most of them 
survived heating at 70 C for 10-15 minutes. All de- 
terminations were made in milk at pH 6.42 to 6.28, 

1 Paper No. J. 2476 of the Iowa Agricultural Experiment 
Station, Ames, Iowa. Project No. 1194. 

2 Present address: Dairy Products Laboratory, University 
of Florida, Gainesville, Florida. 

3 Present address: Dairy Husbandry Dept., Purdue Uni- 
versity, Lafayette, Indiana. 


with the original bacteriophage concentration of 
particles per milliliter. 

Mazé (1946) reported that heating for 5 minutes 
milk medium inactivated three groups of bacterioph 
at 80-82, 70 and 65 C, respectively. 

Prouty (1948) noted a temperature of 70 C and 
exposure period of 15 to 30 minutes were required 
inactivation of lactic streptococcus  bacteriophs 
It has been well established that normal comme: 
pasteurization is not sufficient for bacteriophage 
struction (Whitehead and Cox, 1934; Johns, 194: 
Hunter, 1944 and Prouty, 1948). Due to this he: 
resistance of bacteriophage, contamination of farmers’ 
milk is a potentially important source of bacteriophiag 
entering a dairy manufacturing establishment. 
attempts to minimize the spread of bacteriophay 
Whitehead and Hunter (1947) heated cheese w! 
from bacteriophage-infested factories to 180-190 
The treatment was effective but was considered 
practical due to costs and difficulties encountered \ 
“burned on”? whey proteins. 


EXPERIMENTAL 
Filtrates were prepared as described in a previ 
(Wilkowske, Nelson and Parmelee, 195 
Bacteriophage particle numbers were determined 
the limiting dilution technique described in the s: 
publication. Freshly prepared bacteriophage filtr: 
were diluted 1:10 in skim milk which previo. 
had been autoclaved for 20 minutes at 15 lb and co: 
to room temperature. This skim milk was the suspensi 
medium used for all heat resistance determinati: 


article 


The final concentration of bacteriophage before hea 
was in all cases greater than 10° particles per millili! 
Adjustment of pH was accomplished by additio 
the appropriate number of drops of sterile 10 per 
lactic acid or normal sodium hydroxide solu: 
Control titers of unheated filtrates were determ) 
The method used for the heating was to place 10- 
quantities of the bacteriophage preparations into 

125 mm screw-cap test tubes, followed by subme) 

in a water bath maintained within +0.2 C of 
desired temperature. Appropriate time lag correci ols 
for the tubes were used. At the end of the desired |) »at- 
ing periods, the tubes were cooled quickly by imme: <i! 
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Fig. 2. Heat inactivation curves for bacteriophage strain 
2at 70 and 75 C. 


in ice water, and the numbers of active bacteriophage 
particles were determined by the limiting dilution 
technique. 

To determine the influence of pH on the length of 
time required to inactivate the bacteriophage, several 
filtrates were adjusted to pH levels of 6.0, 6.5, 7.0 
and 7.5 and then simultaneously exposed to heat. 
Figure 1 has been selected as a typical example of the 
resulis obtained from heating bacteriophage P8 at 
70 C for varying lengths of time at the four different 
pH \-vels. The greatest heat tolerance of the various 
strai's usually was observed at pH 7.0, while increased 
alkal aity or acidity resulted in greater bacteriophage 
susceptibility to heat. All subsequent experiments 
were nade at pH 7.0. 


In igures 2 and 3 are shown typical examples of the 
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Fic. 3. Heat inactivation curves for bacteriophage strain 


68 at 65 and 70 C. 
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Fic. 4. Time-temperature relationships for complete inac- 
tivation of several bacteriophage strains. 


inactivation curves obtained when the temperature 
used differed by 5 C. Strain 62 (figure 2) was the most 
heat resistant found in this study. Similar curves were 
obtained for strain 68 (figure 3) when lower tempera- 
tures were used. When complete inactivation occurred 
within about 10 to 15 minutes almost straight line 
plots were obtained. When the inactivation period 
extended to somewhat beyond 100 minutes there was a 
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marked reduction of bacteriophage activity during the 
‘arly portion of the heating period with a reduced 
rate of destruction toward the end of the heating 
period. Although the exact point of complete inactiva- 
tion could not be definitely established due to somewhat 
erratic results toward the end of the heating period, 
the general slopes of the death curves could be ex- 
tended to give reasonably reliable data. 

In figure 4 the data on heat inactivation of 18 dif- 
ferent bacteriophage strains are plotted semi-logarith- 
mically, showing the time and temperature for com- 
plete inactivation. Since all trials were reported at least 
twice, complete destruction was recorded when no 
active bacteriophage particles were found in 6 or more 
milliliters of heated medium. The 
in parentheses following the filtrate numbers represent 


foman numerals 


the seven groups determined on serological and organ- 
ism inactivation bases (Wilkowske, Nelson and Par- 
melee, 1954). The two points which define the pas- 
teurization curve represent the holding method and 
the short-time high-temperature method commonly 
employed in commercial operations. In general, the 
slopes of the lines joining the points of complete bac- 
teriophage inactivation are very much the same as 
that of the pasteurization line. 

DISCUSSION 

Bacteriophage strains possessing the high heat resis- 
tance reported by Yakovlev (1939) or Mazé (1946) 
were not encountered. Since it was not possible to ob- 
tain their strains for comparison, one can only conjec- 
ture as to whether the differences between their results 
and ours are due to differences in the strains examined 
or to some unrecognized significant difference in ex- 
perimental procedure. 

It probably is significant that the respective members 
of the different serological and activity groups also 
exhibited similar heat sensitivities. Whether this rela- 
tionship between serological groups and heat inactiva- 
tion groups would continue to hold if larger numbers 
of bacteriophage strains were tested remains to be 
determined. Temperature data alone would be of 
limited value in classification, since three groups were 
found in the upper range, three in the middle range 
and one in the lower range. When used with the sero- 
logical typing and activity patterns, heat resistance of 
bacteriophages appears to be a characteristic by which 
members of various bacteriophage groups may be 
identified. The relationship apparently is at much the 
same level as found by Friedman and Cowles (1953). 

Most bacteriophage particles in a filtrate were inac- 
tivated readily, while a few resistant particles required 
considerably longer heat exposures for inactivation. 
The latter tended to make the exact time of complete 
inactivation of the filtrate somewhat difficult to de- 
termine with a high level of precision. Approaching 


complete inactivation, a decreased rate of bacter , 
phage destruction frequently was apparent. Sm | 
and Krueger (1952) obtained similar results wit! 
vibrio phage. Involvement of two or more strains 
races and also reactivation by thermal shock or 
velopment of protective substance were not applica | 
explanations for the difference in rate of destruct 
They suggested the possibility of skewed distribut 
of thermal resistance as an explanation. 
CONCLUSIONS 

Heat inactivation of bacteriophages active aga 
lactic streptococci progresses rapidly during the in 
stages of heat treatment, but presence of a numbe 
resistant particles in the population prevents a li: 
relationship between the logarithm of survivors 
time of heat treatment. Various strains of bact: 
phages exhibit differences in resistance to heat inact 
tion, the conditions required ranging from 75 C 
12 minutes (strain 62) down to inactivation by ex). 
ures slightly less rigorous than normal pasteurizai oi) 
(strain 20 in 30 minutes at 60 C and strain 24 at 62.5 
C for 10 minutes). The members of bacteriophage 
groups established by serological typing and activity- 
pattern methods of classification appear to be rela- 
tively homogeneous with respect to the conditions 
required for heat inactivation. However, strains placed 
in different serological groups frequently had much the 
same level of resistance to heat inactivation. 
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food preservation by freezing has been practiced capable of splitting off the alpha 1-4 glucosidie linkage 
for many years but its practical application to fresh of the pectin molecule. The enzyme polygalacturonase . 
fruits has developed in about the last twenty years. 
In order to determine the quality of the small packages 
of the frozen strawberry fruits a number of standards 
have been set up for quality control. The use of the 
Howard mold count method as one of the guides in 
quality control dates back to 1911 when Dr. Howard 


is commonly produced in varying amounts by many 
species of fungi depending upon conditions. When this 
occurs in fruits and vegetables, rupturing of tissue and 
softening may occur. The pectinesterase content of the 
substrate has been reported by Jansen and MacDon- 
nell (1945) as one of the limiting factors determining 
introduced this method for use in connection with the activity of polygalacturonase. The combined ac- 
tomato products. In 1924, Needham and_ Fellers tivity of the two enzymes has been included in the term 
1925) applied the Howard mold count to strawberries pectinase. 
and black raspberries as an indicator of decay. These None of the microorganisms reported by Smart 
first sets of standards were for mold, yeast and bac- (1934) in frozen strawberries are known to be patho- 
genic in humans. The fungi isolated from the fresh 
and at the present time these frozen fruits may be con- washed strawberries were reported as: 
demned on the basis of mold counts as an indicator of Aspergillus sp., Botrytis sp., 
decomposition and mushiness of the product. 

Stevens and Wilcox (1918) found that the molds 
most commonly attacking strawberry fruits were 


terial counts. The last two were eventually dropped, 


Alternaria sp., 
Cladosporium sp., Fu- 
sarium sp., Monilia sp., Mucor sp., Oidium sp., Penicil- 
lium sp., Rhizopus sp., and Stemphylium sp. After 3 
years’ storage at 15 F, only several species of Penicillium 
Rhizopus sp., Botrytis sp., Cladosporium sp., Fusarium and a couple of yeasts could be isolated and grown 
sp., Mucor sp., and Penicillium sp. The deteriorative from the frozen strawberries. 

action of Rhizopus sp. and Botrytis sp. on strawberries More recently, Anderson (1946) showed that the 
was described in detail by Stevens (1919). Increasing loss of about 50 per cent of the crop from heavy fruit 
rot in Illinois during the strawberry season in 1946 
was primarily due to four organisms: Botrytis cinerea 
vege! ables and it was felt there was a need to investigate (gray mold), Rhizopus nigricans (leak), Phytophthora 
the -omparative pectolytic activity of the principal cactorum (leathery rot), and Rhizoctonia sp. (black 
fung isolated from strawberry fruits. According to rot). The gray mold which is entirely dependent upon 
Keriosz (1951) polygalacturonase is the enzyme that is moist field conditions caused the most concern during 
the ripening period. In the same year, MeClintock 
(1946) reported that Botrytis cinerea was causing most 


attention is presently being given to the role of pec- 
toly'ic enzymes in the separation of tissue in fruits and 


urnal Article No. 1620 of the Michigan Agricultural 
Expe iment Station and Contribution No. 54-5 of the Depart- : ys ‘ ‘ 
; : aul amenge= aaa of the strawberry fruit rot in Indiana. 
ment of Botany and Plant Pathology. This research was ; . Spo one 
finan od by a grant from the Michigan Frozen Food Packers During the summer of 1947, Alexopoulos and Cation 
Assov ation, Benton Harbor, Michigan. (1948) first reported Dendrophoma obscurans as the 
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cause of a stem end rot in 50.8 per cent of the Robinson 
strawberries collected in Michigan. Other fungi found 
in the fruits were reported as Botrytis cinerea, Pezizella 
lythri, Phytophthora cactorum, Rhizopus nigricans, 
Rhizopus stolonifera, and Penicillium sp. 


OBJECTIVES 


It has been long recognized that some fungi cause 
rot in strawberry fruits. However, it has not been shown 
that mold counts in these fruits, as determined by 
the official Howard mold count method which is given 
in the Official Methods of the Association of Agricultural 
Chemists (1950), represent only rot-producing organisms. 
It was thought that many harmless saprophytes which 
are not active causes of rotting may be included in the 
present mold count method. This has been shown to be 
the case in black raspberries by White and Fabian 
(1953). It was demonstrated that two of the commonly 
found fungi in black raspberries, Alternaria humicola, 
and Cladosporium sp. produced relatively little or no 
pectolytic activity while Pullularia pullulans, Fusarium 
sp., Botrytis cinerea, and Penicillium sp. showed greater 
activity. 

Pandhi (1953) in a scientific and technical survey on 
the softening and breakdown of vegetables and fruits 
states that, “A knowledge of the moulds that commonly 
attack strawberries, of the production of the pectic 
enzymes by these moulds and the elucidation of the 
mechanism of the action of the PG-complex on pectic 
acid will also help a great deal in the solution of the 
problem.” 

The purpose of this investigation was to determine: 

1. The types of fungi found in various stages of 


growth of the strawberry fruits around 
Benton Harbor, Michigan, area. 
2. The frequency of the different types of fungi 
or in the strawberry fruits. 
Mold counts as influenced by stage of ripen: 
temperature, humidity, and storage time. 
. The pectin destroying activity of the princi 
types of fungi encountered. 


MerTHOoDsS 

Samples of fresh strawberries were taken at differ 
stages of maturity, which included green fruits and » | 
fruits, some of which had various types of rot deve! 
ing. Some of these samples of fruits were treated on 
surface by immersion for 1 minute in a solution cont: 
ing two parts of sodium hypochlorite and one part oi 
70 per cent ethyl alcohol. Plugs were cut out from ° he 
treated fruits and placed on both Bacto W. L. nutrient 
medium and potato dextrose agar. Likewise, plugs W «re 
cut out from the surface of untreated strawberries to 
get representative types of fungi or fungus spores that 
normally were present. Periodically, the growth of ‘he 
fungi was examined and as the reproductive structures 
developed, the organisms were identified. Isolations 
were made for the pectolytic studies. A total of 1080 
plugs were studied for types of fungi that normally 
were found on and in green and ripe strawberries during 
the 1953 season in Michigan. 

The varieties of strawberries sampled included 


Premier, Early Red June, Robinson, Catskill, Sparkle, 


and a number of hybrids. The first three varieties were 
sampled June 6, 1953 (table 1). This was during a cool, 


TABLE 1. Incidence of fungi on the surface and subsurface of three varieties of green straw 
berries grown in nine different fields in Michigan 


Premier 
Fungi Isolated : oy 
No. of isolates from 
60 plugs in surface 


Treated Untreated 


Alternaria sp... : 0 
Aspergillus niger. 0 
Botrytis cinerea 

Pezizella lythri. 

Helminthosvorium sp. 

Hormodendron sp. 

Mucor sp. 

Mycelia sterilia 

Penicillium sp. 

Pullularia pullulans 

Rhizopus nigricans 

Torula sp.... 

Yeasts.... 

Trichoderma sp. 

Epicoccum sp... 


Totals... 


Treated Untreated Treated 


Variety 
Total No. 
Fungi 
Isolated 
* . From 
No. of isolates from Surface- 
69 plugs in surface Treated 
Fruits 


Early Red June Robinson 


No. of isolates from 
60 plugs in surface 


Untreated 


13 
3 

1] 
10 
0 
283 
5 

Ss 


14 


18 
Ss 
3 
0 
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TABLE 2. Incidence of fungi on the surface and subsurface of three varieties of ripe 


strawberries grown in nine different fields in Michigan 


Premier 


No. of isolates from 
60 plugs in surface 


Treated 


rnaria sp. 


{ 
{snergillus niger. 
{ 


8 
t 
ergillus sp. | 
8 


ytis cinerea 
coccum sp. 0 
arium sp. 3 
zella lythri. 6 
modendron sp. j 1 
or sp. : 2 
‘elia sterilia 
icillium sp. 
ularia pullulans 

iL. 20pus nigricans 
dotorula sp. 
ila sp. 
hoderma sp. 

Sts. 


ilia sp. 


Totals 


TABLE 3 


Untreated 


. Incidence of fungi on the surface of several varieties of ripe strawberries grown in eight different fields in 


Variety 
Total No lotal No 
Fungi Fungi 
latec 7 
. mae Isolated 
« From 
Surté J 
Treated Untreated 
— Fruits 


Early Red June Robinson 


No. of isolates from 
60 plugs in surface 


No. of isolates from 
60 plugs in surface 


‘reated Untreated Treated Untreated 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


wNooowrwsd 


w 


19 w 
me Sus eH & 


107 


Vichigan 


Number of Isolates from 80 Plugs in Untreated Fruits 


Fungi Isolated 
Premier 


naria sp. : 18 
ergillus niger.. 6 
pergillus sp. 18 
itis cinerea. 11 
occum sp. 
zella lythri 
inthosporium sp. 
iodendron sp. 
* sp. 
‘lia sterilia. . 
illium sp. 
Puliularia pullulans 
Rhizopus nigricans 
Rhizopus sp. 
Rhodotorula sp. 
Trichoderma sp.. . 
Trichoderma album 
Yeasts 
Moniiia sp.... 


Deni -ophoma obscurans 


wet period with intermittent showers and temperatures 
reac! ing a high of about 65 F. Samples of the same three 
varie‘ les were taken 1 week later, June 13, 1953 (table 


2), a partly cloudy day during a dry period when the 


Early Red 


Hybrids, 


Variety 40 Plugs 


June Robinson Catskills Sparkle 
18 ‘ 36 

2 0 

4 2 

1] 

0 

5 

0 


temperature reached a high of about 85 F in the after- 
noon. A third series of samples including all of the above 
named varieties was taken on June 17, 1953 (table 3) 
after a dry period of nearly 10 days. At this time there 
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were intermittent showers occurring and the tempera- 
ture reached about 75 F. 

Firm, ripe strawberries were inoculated with spores 
from cultures from fungi most frequently isolated in 
this study, which were Botrytis cinerea, Rhizopus 
nigricans, Aspergillus sp., Pullularia pullulans, Tricho- 
derma sp., Penicillium sp., Hormodendron sp., and 
Alternaria sp. The fruits were then placed at 20-24 C 
in a relative humidity of 75 to 80 per cent. Visual 
observations of the appearance and firmness of the 
fruits as well as pH values were recorded at the periodic 
intervals. Samples of these inoculated strawberries 
were extracted by means of a laboratory pulper at 0 
hours, 12 hours, 36 hours and 56 hours after they had 
been inoculated. The extracts were adjusted to a pH 
of 6.0, after which 2 per cent salt was added and the 
samples filtered through cheesecloth. The extracts were 
then brought to a standard volume and stored under 
toluene at 0 C until examined. For testing, 1 ml of 
the extract was added at 30 C for 18 hours. Heat inac- 
tivated extracts provided controls. 

Measurement of the decrease in the viscosity of a 
test pectin solution was employed to provide an indica- 
tion of the pectinase complex. The method was the 
same as that employed in a similar study by White and 
Fabian (1953), except an 18-hour incubation period was 
used. 

{ESULTS 

A total of 2107 fungi were isolated from samples of 
green and ripe strawberry fruits from approximately 
100 miles square area around Benton Harbor, Michi- 
ran. The total number of fungi isolated from the sur- 
face of the fruit was 1948, while the total number found 
below the surface of the fruit was 159. There was a 
marked increase in the total number isolated from the 
subsurface of the ripe fruits, increasing from 52 isolates 
in green fruits to 107 in ripe fruits. This would be ex- 
pected, as ripe strawberries are more susceptible to 
fungus growth. A total of 706 fungi was isolated from 
the untreated surface of the green fruits while a total 
of 1242 fungi was identified from the untreated surface 
of ripe fruits. 

The incidence of fungi on the surface and subsurface 
in green fruits of the three varieties, Premier, Early 
Red June, and Robinson is shown in table 1. Some 
of the fungi found growing below the surface of the 
green fruits have been previously reported as develop- 
ing in green fruits 
zella lythri. Others that were isolated a number of times 


notably Botrytis cinerea, and Pezt- 


from green fruits and which have not previously been 
reported were: Rhizopus nigricans, yeasts, Mycelia 
sterilia, Hormodendron sp., and Penicillium sp. How- 
ever, the number of isolates of fungi showed an in- 
crease in the subsurface of ripe fruits as compared to 
green fruits as shown in table 2. These additional genera 


of fungi were also present in some of the ripe fru 
namely, Mucor sp., Aspergillus sp., and Epicoccum + 
As would be expected, the total number of fungi fou 
on the surface of fruits is much greater than that bel: 
the surface of green or ripe strawberry fruits. Th 
is no apparent difference between the kind of fu 
on the surface of green and ripe fruits. The kind 
spores on either of these surfaces should be simi 
since most of the fungus spores are air-borne. Tabli 
lists only fungi isolated from the surface of the r 
fruits. These samples were taken toward the end of 1 
harvest period, June 17, 1953, after about 10 days 
dry weather. Essentially the same types of fungi co 
be found after this dry period although a few fu 
showed marked increases in numbers of spores on 
surface of fruits. These were Alternaria sp., Botr 
cinerea, Aspergillus sp., Pezizella lythri and Rhizo; 
nigricans. These organisms are very likely to be grow 
in rotted fruits which results in more spores be 
produced and a greater per cent of these genera wo 
make up the total number of spores on the surface 
fruits in the area where samples were taken. In soi 
cases, for example, Hormodendron sp. and Fusari 
sp., a drop in the frequency of isolation occurred du: 
dry weather. These organisms are commonly isol:at: 
from soil, but during a dry period there is less 
likely to be on the fruits, because soil particles are 
splashed onto the surface by water droplets. There! 
the amount of spore inoculum would be reduced durii 
a dry period. Although some of these organisms + 
curred more frequently on the surface of normal gree 
and ripe fruits, there would be no marked increas 
mold counts during dry weather, since spore germ! 
tion usually does not occur readily under these co 
tions. In wet weather the reverse would be true. 

It is interesting to note that in the Robinson varict: 
relatively few fungi were isolated from the subsuri:ace 
of the green or ripe fruits. However, this variety | 
tures a little later than the Premier or Early Red June 
and a dryer atmospheric and soil condition preva 
at this time when the green fruits were enlarging 
ripening which would result in less favorable condit 
for the germination of the fungus spores. This mi: 
account for the very low number of fungi isolated f 
the subsurface of these fruits. During the entire st: 
berry season, the mold counts were generally low s 
dry conditions prevailed. Frequently, few or no f 
were found in the fruits when mold counts were n 
during the dry part of the season. A similar situa 
was reported at the Cornell Agricultural Experin 
Station by Steinkraus (1954). The 80 samples of st 
berries as well as 200 samples of raspberries  sh« 
low mold counts. He showed that washing and so1 
procedures used by processing plants were not © er 
effective in lowering mold counts. The fact that le) eth 
of time between pickings showed less effect on 1 old 
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cots than did rainfall emphasizes the difficulties 
in olved in maintaining low mold counts in humid 
weather. 
The list below is a compilation of the total number, 
ol ‘ained in this study, of the most commonly isolated 
fuigi on the surface of green and ripe strawberry 
fri its: 
Genus 
Hormodendron sp 
Yeasts 
Rhizopus Sp. 
Alternaria sp 
Pullularia sp. 
Penicillium sp 
Botrytis sp. 
Pezizella sp. 
Aspergillus sp. 
Trichoderma sp 


‘Mucor sp. 28 


it is well known that Rhizopus nigricans and Botry- 
fis cinerea are among the genera more commonly in- 
volved in the breakdown of strawberry fruits. However, 
the significance of the various other fungi found on the 
strawberry fruits has not been determined. The testing 
for pectinase activity of these various fungi has shown 
significant differences in their rate of activity and in an 
important aid in determining the significance of these 
fungi in strawberry fruits (figure 1). The greater pec- 
tolytic activity of some of the more important fungi 
on the above list does not necessarily correlate with 
the frequency of isolation. 

The individual genera of fungi that were inoculated 
into strawberry fruits showed little difference in the 
relative pectinase activity after 12 hours. No visible 
microscopic growth was evident at this time in any 
of the inoculated fruits. However, after 36 hours the 
uninoculated control sample showed no visible growth 
while the fruits inoculated with Rhizopus nigricans 
had greater visible growth than did those inoculated 
with Alternaria sp., Trichoderma sp., and Penicillium 
sp. The typical leak symptoms were evident in the 
Rhizopus-inoculated samples while none of the others 
showed this condition. Less deteriorative activity was 
evident from visual observations. 

While all of the samples including the control were 
shown to contain a lower amount of pectinase activity 
in the berries immediately after inoculation in com- 
parison to the results after 12 hours, only Rhizopus 
mgrcans produced a significantly higher titer in this 
short period of time. All of these higher titers are 
assovlated with a slight drop in the pH value of the 
stra\vberries. This was even more evident after 56 
hours. The pH values for the samples were approxi- 
mat:ly 4.0 at the beginning of the experiment and at 


the «nd of 56 hours the pH values were approximately 


3.85 for all of the samples except Rhizopus nigricans 
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Fic. 1. The pectolytie activity in strawberries of seven 
representative molds as measured by the viscosity method. 
which had a drop in the pH value from 4.0 to 3.75. 
Figure | shows the relative per cent drop in viscosity 
of a | per cent test pectin solution produced by extracts 
from strawberries inoculated with the seven most 
commonly found molds. 

After 56 hours, all samples showed varying degrees 
of deterioration. The fruits inoculated with Botrytis 
cinera, Rhizopus nigricans and Aspergillus sp. were 
badly decomposed. The pectinase activity of these ex- 
tracts was similarly much greater than that noted 
for the samples inoculated with other fungi. All samples, 
however, showed a consistently higher titer of pec- 
tinase activity after 56 than at 36 hours. 

It is recognized that there are limitations to the 
viscosity method of measuring pectinase activity as 
shown by Kertesz (1951). However, the application of 
this method does show the pronounced variations which 
occur in the production of pectolytic enzymes by fungi. 
Two organisms, Alternaria humicola and Cladosporium 
sp. were shown previously by White and Fabian (1953) 
to produce little or no pectolytic activity when grown 
in black raspberry extracts. These variations in pec- 
tinase activity by fungi emphasize further that the 
presence of a mold in a food product may not neces- 
sarily be associated with the pectolytic breakdown of 
that product. 

In 1939, other studies by Proskuriakov and Ossipov 
(1939) have also shown that variation in the production 
of pectolytic enzymes may be due to individual strains 
in the various species of fungi. 

Thus, in the microscopic examination of a product, 
when the number of positive fields for fungi is found 
to increase toward 100 per cent, as determined by the 
official Howard mold count method, the observation 
may not necessarily be taken as an exact index of the 
actual amount of decomposition of a food product 
because some of the fungi found in strawberry fruits 
are not important in pectolytic breakdown. 
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SUMMARY 


A total of 2107 fungi, 1948 from the surface and 159 
from the subsurface, were isolated from samples of 
green and ripe strawberry fruits in the vicinity of 
Benton Harbor, Michigan, during the 1953 season. A 
total of 52 isolates of fungi were made from the sub- 
surface of green fruits. These were Botrytis cinerea, 
Pezizella lythri, Rhizopus nigricans, yeasts, Mycelia 
sterilia, Hormodendron sp., Penicillium sp., Alternaria 
sp., Helminthosporium sp., and Pullularia pullulans. 
Additional genera, Mucor sp., Aspergillus sp., Epicoc- 
cum sp., and Monilia sp. were isolated from the sub- 
surface of ripe fruits, making a total of 107 isolated 
from the subsurface of ripe fruits. 

Of the 1948 fungi isolated from the surface of green 
and ripe strawberry fruits, the ones found most com- 
monly, listed in decreasing frequency of isolation, were: 
Hormodendron sp., yeasts, Rhizopus nigricans, Al- 
ternaria sp., Pullularia pullulans, 
Botrytis cinerea, Pezizella lythri, Aspergillus sp., Tri- 
choderma sp., and Mucor sp. 

The mold counts during the 1953 season in Michigan 
were generally very low due to dry weather conditions. 

When the various genera of fungi were inoculated 
into fresh strawberry fruits, strains of Botrytis cinerea, 


Penicillium sp., 


Rhizopus nigricans and Aspergillus sp., were shown to 
produce macroscopically greater degradation than 
Pullularia pullulans, Trichoderma sp., Penicillium sp., 
Hormodendron sp., and Alternaria sp. The apparent 
degradation was consistently found to be associated 
with a greater pectinase content in the affected straw- 
berries. 

The variation obtained in pectinase activity by 


fungi emphasizes further that the amount of mold in 


a food product as determined by the mold count 
method may not necessarily be associated with the 
pectolytic breakdown of that product. 
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‘mith (1940) in his studies upon the taxonomy of 
ae) obie, mesophilic, spore-forming bacteria, noted the 
irr -gularity of acetoin (acetyl methylearbinol) produc- 
tioa by these organisms when the components of the 
Voves-Proskauer medium were autoclaved together. 
If the dibasic potassium phosphate of the medium 
was autoclaved separately and added aseptically the 
acetoin production was increased. He also noted that 
certain strains, which previously had been irregular 
in acetoin formation in the presence of phosphate, 
became consistent in their production of acetoin if the 
phosphate was omitted. Smith, Gordon and Clark 
1946), in their further study of the same problem, 
found that if phosphate was replaced by sodium 
chloride, the acetoin production by given strains or 
species of members of the genus Bacillus was more 
consistent and greater in quantity. They also men- 
tioned that acetoin production by Aerobacter in the 
sodium chloride medium was likewise satisfactory. 

This study is an expansion of the use of sodium chlo- 
ride as a replacement for K»HPO, in the production 
and detection of acetoin by Aerobacter associated with 
the differentiation of the Aerobacter organisms from 
the other coliform bacteria. 

Eggleton, Elsden and Gough (1943) stated that the 
solution of alpha-naphthol in ethanol in Barritt’s 
reagent became pigmented upon standing. They and 
Westerfeld (1945) recommended the use of a freshly 
prepared solution of alpha-naphthol in alkali for the 
determination of acetoin. The alkali-alpha-naphthol 
solution found to be most effective by Eggleton et al. 
consisted of a 1 per cent alpha-naphthol in a stock 
alkali consisting of a mixture of equimolar concentra- 
tions of sodium hydroxide and sodium carbonate (30 
g NxOH and 80 g NasCO; per 500 ml of solution). 
Westerfeld recommended the use of a 5 per cent solu- 
tion of alpha-naphthol in 2.5 nN NaOH. For quantitative 
studies, the alpha-naphthol should be purified by 
steam distillation or two or three successive recrystal- 
izations. In our studies, we used Westerfeld’s methods 
lor both our qualitative and quantitative determina- 
tions of acetoin. 


‘Present address: The Glidden Co., Chicago, Illinois. 


MATERIALS AND Mertuops 

We have compared acetoin production in Difco’s 
MR-VP_ broth containing K.HPO, with Smith’s 
medium where the phosphate is replaced by sodium 
chloride. Both media contain 0.7 per cent Difco pep- 
tone, 0.5 per cent glucose and either 0.5 per cent 
K»HPO, or 0.5 per cent NaCl. 

The medium was dispensed in 5-ml quantities into 
16-mm tubes. Such tubes give a satisfactory surface 
area to permit diffusion of air for the oxidation of the 
acetoin to diacetyl. 

Each medium after autoclaving has a pH of about 
6.8. The autoclaved chloride medium is clear and color- 
less, while the autoclaved MR-VP medium has a defi- 
nite amber color. 

Sixty cultures of short gram negative nonspore-form- 
ing lactose fermenting rods isolated from Lake Michi- 
gan water and six cultures of Aerobacter ac rogenes ob- 
tained from the Northern Utilization Research Branch, 
U.S. Dept. of Agriculture, were used for this study. 
The isolates from Lake Michigan water were all methyl] 
red negative, as determined after 5 days’ growth in 
Difco MR-VP broth. 

The cultures used for the inoculations of the test 
media were grown for 24 hours at 30 C in a 1 per cent 
peptone broth containing 0.5 per cent sodium chloride. 
The test media were inoculated with one loopful of the 
24-hour culture and then the tubes were incubated at 
32 C for 18 to 24 hours. 

For qualitative tests, to the test tube containing 
the 18- to 24-hour cultures, 1 ml of a 0.5 per cent aque- 
ous solution of creatine was added, followed by | ml of 
freshly prepared 5 per cent alpha-naphthol solution in 
2.5 N NaOH. This latter reagent is not stable for more 
than 2 or 3 hours. The tubes were shaken and the 
presence of any red color formed within 60 minutes was 
recorded. In the quantitative tests, the bacterial cells 
were removed by centrifugation, then 5-ml dilutions of 
the supernatant liquid containing from 2 to 8 ppm of 
acetoin were added directly to cuvettes, then 1 ml of 
each of the creatine and alkaline alpha-naphthol 
solutions were added, the cuvettes were shaken and 
allowed to stand at room temperature for 1 hour, then 
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the per cent transmission at a wave length of 530 mu 
was determined in a Coleman spectrophotometer. 
According to Westerfeld, the color formed within 10 
minutes is due to the diacetyl. This red pigment fades 
10 per cent within 30 minutes, but the amount of fading 
is barely perceptible in 15 minutes. At the end of the 
hour, the color due to any acetoin present has attained 
its maximum intensity. This pigment fades much more 
slowly than does that formed from diacetyl, as the 
acetoin pigment fades perceptibly only after 90 minutes. 

The amounts of acetoin produced were determined 

from a standard curve. 
RESULTS AND Discussion 

The quantitative aspects of six representative cul- 
tures isolated from Lake Michigan water are given in 
table 1. The amount of acetoin formed by the other 54 
cultures was also determined. Over all, 93 per cent of 
the isolated cultures formed more acetoin in the chlo- 
ride medium than in the phosphate medium. Seven per 
cent of the isolates formed equal amounts of acetoin 
in both media. None of the isolates formed more ace- 
toin in the phosphate medium than in the chloride 
medium. 

Six cultures of Aerobacter aerogenes from the Northern 
Utilization Research Branch, U.S.D.A., were studied 
for their ability to form acetoin in chloride and phos- 
phate media (see table 2). Comparisons were also made 
upon known strains of Aerobacter, as to the amount of 
acetoin detected by Barritt’s method (1936) (alpha- 
napthol dissolved in ethanol) as recommended by 
Standard Methods for the Examination of Water and 
Sewage (A.P.H.A., 1946) and by Westerfeld’s method in 
24-hour cultures grown in chloride broth and in phos- 
phate broth. The numbers in table 3 represent the 
relative color intensities as determined by visual 
observation. It should be noted that the rate of pigment 
formation is more rapid and the total quantity of 
color formed is greater when the organisms are grown 
in the chloride broth and when Westerfeld’s reagents 
are employed. Comparative tests were performed with 
Westerfeld’s method and Barritt’s method as modified 
by Vaughn, et al (1948). In this series of experiments 
with cultures of A. aerogenes, known to be good pro- 


TABLE 1. The effects of phosphate and chloride on acetoin 
production by various isolates of coliforms from 
Lake Michigan water 
PPM of Acetoin Produced Effectiveness of 


a Chloride Over 
Phosphate 


Culture Number 


phosphate chloride 


24 0.40 .26 
22 : 38 
53 2.40 .60 

6 11. .60 
48 9. 20.65 
60 30. 30.50 


TABLE 2. The effects of phosphate and chloride on acet 


production by Northern Regional Research Laboratori« 
strains of Aerobacter aerogenes 


PPM of Acetoin Produced 


Culture Number Chloride O 


phosphate chloride 


B-167 92.50 115.00 24 
B-115 200.00 202.50 01 
B-166 129.00 146.50 .14 
B-562 117.50 136.50 .16 
B-199 85.00 119.00 40 
B-125 102.50 186.50 a 


TABLE 3. Visual comparison of the intensity of the Vi 
Proskauer reaction in both media using Standard Meth« 


procedure and Westerfeld’s procedure 
Culture 


Time 10554 10624 10625 10712 11067 
in 
min 


i iis 
S St. 


Chloride Broth 


Phosphate Broth 


0 0 0 0 0 0 
0 0 1 0 0 
1 0 1 0 0 
] 0 2 0 ‘ 0 
45 2 1 3 1 ‘ 5 1 
60 3 0 4 2 ‘ ¢ 2 


* Barritt’s method as recommended by Standard Metho: 
the Examination of Water and Sewage. 

+ Westerfeld method. 

t Numbers indicate relative strength of the reacti: 
determined by visual observation. 


ducers of acetoin, those grown in the sodium chlorid 


broth were positive within one minute after th: 
agents had been added, using either the Westerfe 
the modified Barrit method. Those cultures grov 


the phosphate medium were positive within three 
five minutes when the test was performed by e| 


method. Vaughn and colleagues had found the mo 
Barritt method to be the most rapid of any m« 


tested by them. It should be mentioned that W:; 


feld’s method does not require absolute ethan 
dissolving the alpha naphthol, as does the modifi 
original Barritt method and the undesirable green 
is never formed when the Westerfeld’s reagent 
added as sometimes occurs when the Barritt reag 
first added to the test culture. The red color form 
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G. 1. Change in pH with respect to acetoin production 


all of these tests is more distinct in the chloride medium 
th: nin the amber colored autoclaved phosphate medium 


due to the absence of interfering colors. Helprin and 
Su livan (1954), among others, obtained a medium free 
from color by autoclaving the ammonium N source and 
KIi,PO, and MgSO, salts and by sterilizing the carbon 
sources separately, by filtration. However, these tech- 
niques are not practical for routine testing of large num- 
bers of organisms in laboratories doing differential de- 
ferminations of coliform bacteria. Helprin and Sullivan 
also report that the sensitivity of the test in their 
medium is 1 part per 100,000 with Barritt’s reagent. 
The sensitivity of the acetoin test with the chloride 
medium and Westerfeld’s method is 1 or 2 parts per 
1,000,000. Since Helprin and Sullivan read the tubes 
within 5 minutes, the color reactions observed were 
due to the diacetyl and not the acetoin. 

The relative pH levels attained in the sodium chloride 
and phosphate media by A. aerogenes are given in 
figure 1. It may be noted that in the phosphate medium 
the pH was above 6.0 until after 12 hours of incuba- 
tion, While in the sodium chloride medium, the pH 
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was below 6.0 after 5 hours of incubation. Silverman 
and Werkman (1941) reported that the formation of 
acetoin by A. aerogenes depends upon a pH below 7.0, 
With substantial and approximately equal amounts of 
acetoin being formed at pH levels, ranging from about 
1.3 to 6.0. The amount of acetoin formed at these levels 
depended upon the strain of culture tested. Juni (1952) 
employed a pH of 5.5 in his studies of the enzyme 
components from A. aerogenes that formed one mole 
each of alpha-acetolactic acid and carbon dioxide 
from two moles of pyruvic acid and that further pro- 
duced one mole each of acetoin and carbon dioxide 
from each mole of acetolactic acid. He also reported 
that phosphate is not required for the activity of the 
enzymes, but merely aids in buffering the medium. 
Thus it would appear that the pH requirements for 
these enzymes are not too critical and our data indicate 
that the sodium chloride is more favorable for proper 
pH levels in acetoin production than the amount of 
phosphate used in the Voges-Proskauer medium. 

With respect to the methyl! red test, we have found, 
both in our research experiments and in class use on 
several occasions, that the chloride medium is as effec- 
tive as the phosphate medium when the tubes were in- 
cubated for 5 days, as recommended by Vaughn, 
Mitchell and Levine (1939) and by the Standard 
Methods for Examination of Water and Sewage (A.P.- 
H.A., 1946). In the chloride medium, the pH decreases 
within 18 hours to about 4.3 to 4.5 and remains there 
until about the fourth day, when it rises quite rapidly 
to a pH of about 6.5 (figure 2). In the phosphate me- 
dium, the pH drops quite rapidly to about 5.0 within 
18 hours, then it rises gradually during the remainder 
of the 5-day period to 6.8. 

The pH with Escherichia coli decreases to about 4.7 
in the phosphate medium and to approximately 4.3 
in the chloride medium within 18 hours and remains 
at about these levels during the remainder of the 5-day 
incubation period. 


SUMMARY 


Our studies indicate that for acetoin production, 
speed, and sensitivity of acetoin detection, and for the 
absence of interfering colors to mask the red color 
formed in the acetoin test, sodium chloride is more 
desirable than dibasic potassium phosphate when all 
the ingredients of the medium are autoclaved in the 
same container. The chloride medium is likewise satis- 
factory for the methyl red test when the cultures are 
incubated for 5 days as recommended by Standard 
Methods for the Examination of Water and Sewage. 
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Since a modified Mueller medium for the production 
of tetanus toxin in the absence of veal infusion has 
been reported (Stone, 1953), it was considered of in- 
terest to determine whether or not any differences 
could be found between the toxoids from these media 
in their propensity for purification and concentration. 

To demonstrate any possible differences between 
the two groups, 11 purified and concentrated lots of 
toxoid prepared in the presence of veal infusion were 
compared with a similar number of lots prepared in the 
absence of veal infusion. Since each processed toxoid 


is prepared from four 15-liter lots of crude toxoid, the 
11 processed lots then represent 44 crude toxoids. These 
toxoids were all manufactured during the same time 
period and generally alternate groups were purified, 
that is, one lot with veal infusion followed by one lot 
without veal infusion. The ammonium sulfate method 
for purification was employed for all lots (Levine aid 
Stone, 1951). 

The results of the purification and concentration 
process as applied to the two groups are shown in table 
1. It can be noted in this table that distinct differences 


TABLE 1. Comparative purity and yields upon purification of tetanus toroid produced in either the presence or absence of veal inf 


With Veal Infusion 


Crude toxoids Processed toxoids 


Without Veal Infusion 


Crude toxoids Processed toxoids 


° mg 
= wok Nt | Pu- 
ee, per | rityt 

(liters)! ml a 


. Vol- | Lf | ME Vol- | Le | RS 
t * | Pu- ; 
Lot no. | ume N er Lot no. | ume per N Pu Lot no. | ume per Nt 


> )* ~ > itvt » 
(ml) a] cent (pool (liters)| ml oy rity? (ml) ml sie) 


Lot no 


Vol- if joe _ \Yield 
(pool)* a 


51 § b 0.037 1480 § 0.51 34 53 61. 24 1240 1490 525 44 
55 3. 32 0.044 ‘ 80 1500 0.52 32 54 55.2 19 975 76 1480 40 
56 4 | 38 0.045 | 8 81 1480 0.64 50 59 62. 26 1240 8 1500 39 
57 7 ‘ 0.046 82 1500 0.63 36 54.6 26 1240 1490 
58 9.6 3: 0.041 83 1480 0.39 28 56. 1280 1490 
61 ° ‘ 0.037 86 1500 0.51 3 5 54. 1190 3 1480 
63 50. 28 0.035 1480 0.33 34 6 54.5 1040 1480 
65 . 8 «| 0.034 | 810 90 1480 0.43 55.9 1000 ‘ 1480 
67 5.2 | 27 | 0.038 | 700 92 1480 0.34 22 55.7 1200 1480 
71 ae i Bl 0.036 | 640 96 1480 0.38 33 73 55.9 1480 
73 -6 5 0.036 720 98 1500 | 288 § 0.36 : 58. 850 1480 
Mean 5. ‘ 0.039 | 790 1487 0.46 ° 2. 56. 1485 


t 


to 


to = tt te to to 
See Os) 


si 


* A pool represents 4 lots of crude toxoid. 
t N = protein nitrogen, defined as the portion precipitable by 5 per cent trichloracetic acid. 
t Purity = Lf per mg protein nitrogen. 
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ist in capacity for purification and concentration 
tween the two groups. The mean values of the Lf per 
columns can be compared directly since the mean 
«rresponding volumes are nearly identical. The mean 
per ml of the crude toxoid without veal infusion was 
per cent lower than the crude with veal infusion; 
wever, the mean Lf per ml of the treated toxoid 
thout veal infusion was 23 per cent higher than that 
‘sated with veal infusion. Since the probability of the 
ferences between each group being due to chance 
is less than 0.1 per cent, according to the probability 
: bles on distribution of ¢, this reversal in Lf per ml 
ference between the two groups from the crude to 
» purified toxoid is significant. 
The purity column of table 1 representing the Lf 
r mg of protein nitrogen indicates that the purity 
both the crude and processed lots without veal in- 
‘usion was far greater. This merely signifies that there 
s less nontoxoid protein in these lots. 
Che mean yield (Lf recovery) of the lots containing 
ul infusion was 32.5 per cent compared to a mean 
yield of 56.7 per cent for the lots without veal infusion. 
The probability that this was due to chance was cal- 
culated to be far less than 0.1 per cent and therefore 
the yield on purification for the lots without veal in- 
fusion was significantly greater. 


The processing of the toxoid achieved only concen- 
tration and elimination of nonprotein impurities in 
the case where veal proteins were present, as the mean 
purity ratio of treated to crude was only 1.04. By 
contrast, where veal was omitted, the mean ratio was 
1.23, indicating some purification on a protein basis 
as well. In any event, the process affords certain ad- 
vantages in the constitution of single and combined 
prophylactics especially where the aluminum adjuvant 
is used. (Levine and Stone, 1951.) 

The above results seem to warrant the conclusion 
that tetanus toxoids prepared in the absence of veal 
infusion are generally of higher purity and give a greater 
yield on purification by the method employed. A 
logical reason for this might be that a medium with less 
protein initially would produce a culture with a higher 
proportion of proteins of bacterial origin, provided 
the nutrition is adequate. 
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It has long been recognized that swabbing methods 
will not remove all or even a fixed percentage of bacteria 
from surfaces. Because of this, it is not possible to use 
these methods for quantitative determinations with 
any degree of accuracy. 

Considerable work has been done to develop methods 
that will permit greater recovery of bacteria from 
tableware. Higgins (1950) and Cain and Steele (1953) 
have used swabs made of calcium alginate. After use, 
these swabs were placed in a diluent containing sodium 
hexametaphosphate. On shaking, the swabbing material 
dissolves, thereby eliminating the problem of removing 
bacteria from the swab. However, there is no informa- 
tion to indicate that this material is any more effective 
than cotton in removing bacteria from a surface. 

Olsen and Hammer (1933) developed an agar disc 
method for studying bacterial contamination on metal 
surfaces. While this method will recover greater num- 
bers of bacteria than swab tests, it will not remove bac- 
teria from cracks and inaccessible areas. The contact 
method of Walter and Hucker (1941), which is a 
modification of Olsen and Hammer’s method, and the 
quantitative method of Guiteras ef al. (1954) have 
relatively the same deficiencies. 

In an attempt to obviate the deficiencies in the above 
methods, an investigation was made to modify the 
agar dise method. The modification investigated was 
to grow the bacteria in situ by placing liquid agar 
medium on table ware, allowing it to harden and then 
incubating the utensil. 


MeEtTHops AND MATERIALS 

The tableware used in this study were stainless steel 
compartmented mess trays, ceramic cups and soup 
bowls, stainless steel knives, forks, and spoons. These 
utensils were contaminated by dipping in dilute suspen- 
sions of Bacillus subtilis morphotype globigii. Before 
plating, the contaminated utensils were air dried. Of 
necessity, slightly different techniques were used to 
apply the agar to the various utensils. The following 
are the procedures used: 

Trays. Sufficient liquid agar was poured into one of 
the compartments to provide a layer of agar about 1¥” 


1 Present address: Takamine Laboratory, Clifton, New Jersey. 





Fic. 1. A compartmented mess tray partially covered with 
sterile parchment paper. 
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Fic. 2. A cup covered with the top of a Petri dish shov ing | 
bacterial colonies after 24 hours of incubation of 37 C. 


thick (about 25 ml). A sheet of sterilized parchn «ut 
paper was stretched over the top of the tray and se. ‘ed 
with cellulose tape to prevent contamination (figuri |). Fy 


BACTERIAL COUNTS ON TABLEWARE 


T.. determine the effectiveness of the parchment paper 
in preventing contamination, sterile agar was poured 
in 0 eight sterile trays which were then covered. 
\v er 24 hours of incubation at 37 C, there was only 
or: colony on one of the trays. 
‘ups and bowls. Liquid agar at a temperature of 40 

{5 C was poured in and the utensil was gently rotated 
th ough one-fourth of a circle in order to obtain a 
w form layer of agar about 1g” thick over the curved 
su face. To prevent contamination, the cups and bowls 
were covered with sterile parchment paper or the top of 
a terile Petri dish (figures 2 and 3). 


Fig. 3. A soup bowl covered with the top of a Petri dish 
showing the development of bacterial colonies after 24 hours 
of incubation at 37 C 


* 


_ 4. The development of colonies in the agar and tines 
rk incubated for 24 hours at 37 C. 


Fic. 5. The development of bacterial colonies in the agar 


and bowl of a spoon incubated for 24 hours at 37 C 


Fic. 6. The development of bacterial colonies in the agar 
and on the knife blade incubated for 24 hours at 37 C. 


Forks and spoons. Sufficient agar wes poured into 
sterile Petri dishes to give a layer about 14” deep. 
Before the agar had set, the tines of the forks and the 
bowls of the spoons were immersed in the agar. To 
prevent contamination, the tops of the dishes were 
placed over the flatware and taped into place. In addi- 
tion, the space between the top and bottom of the dish 
caused by the handle of the cutlery was sealed with 
tape (figures 4 and 5). 

Knives. Melted agar was placed in sterile Kohl 
flasks and the knife blades were immersed into it be- 
fore it hardened. The knives were held in place by the 
plug of cotton in the neck of the flask (figure 6). 

After the agar had set, the utensils were placed in an 
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incubator at 37 C and incubated for 24 hours. It was 
found that this incubation was sufficient for colony 
development of the test organism. If longer periods of 
time were used, the colonies on heavily contaminated 
surfaces grew together, making accurate counts impos- 
sible. When the number of colonies was high, a mag- 
nifying glass was used to facilitate counting. To de- 
termine the value of a direct plating procedure, 75 
comparisons were made against standard swabbing 
techniques using cotton swabs. In addition, 125 compar- 
isons were made between the direct plating procedure 
and the calcium alginate technique as developed by 
Cain and Steele (1953). Paired comparisons were made 
on trays, cups, and bowls. In these tests, the bacteria 
on 4 square inches were determined. To obtain more 
accurate counts, the test area was divided into seg- 
ments containing less than 300 colonies by marking the 
agar with an inoculating needle. Unpaired comparisons 
were made on the cutlery. The tines of the forks, bowls 
of the spoons, and knife blades were swabbed or direct 
plated. The following medium was used as it was found 
to be the optimum for growth of the test organism: 


Nutrient agar dina . Beg 
Bacto agar at aeats . Se 
Yeast extract wn 5g 
Dextrose...... Ai shee Sido 
Peptone * Seer 
Distilled water ; 1 liter 

Preliminary pH 7.2 to 

Final pH 7.0 to 


When grown on this medium, the colonies of the test 
organism had a bright orange color. Because of this, 
any contaminants could readily be identified. 


TABLE 1. Comparison between direct plating procedure and 
swab tests on the detection of bacteria on eating utensils 


: Ratio of 
Count = no Bacteria = 
Utensil Area Direct pal Detected) Type of 
. Tested Plating Tekan Direct Swab 
Proce- | Plate/ 
dure Test Swab 


Average No. 
of 
Com- 
pari- 
sons 


Type of 
Comparison 


Paired 
Paired 


Tray 4sq.in. | 2194 | 536 .09:1) Cotton 
Soup 4sq.in.| 673 | 72 | 9.35:1) Cotton 
bowls 
Tray | 4sq.in.| 465 | 85 | 5.47:1) Calcium Paired 
algi- 
nate 
Cup 4sq.i Calcium) Paired 
| aigi- 
nate 
Caleium) Un- 
spoon | algi- paired 
nate 
Fork Tines of Calcium) Un- 
| fork algi- paired 
| nate 
Calcium, Un- 
algi- paired 
nate 


Tea- | Bowl of | 209 


spoon 


Knife | Blade 


ResuLTS AND Discussion 

From table 1, it can be seen that higher bacteri 
counts were obtained using the direct plating meth: 
than either swabbing method. In all the paired con 
parison tests, the direct plating procedure gave 
higher recovery than the swab test of the same iter 
The increase in numbers varied with the test ite 
and the number of bacteria initially present on t! 
utensils. For example, when a high number of bacte1 
were present on mess trays, an average of 4.09 bacte: 
was recovered by the direct plating method for eve), 
one recovered by a swabbing procedure. When a small. r 
number of bacteria were present, this ratio increas: (| 
to 5.47 to 1. Similar results were obtained in the u 
paired comparisons made on cutlery. Much high -r 
counts were obtained with the direct plating procedu ¢ 


Fic. 7. The development of colonies on a heavily contami 
nated compartment tray after 24 hours of incubation at 37 C. 


than with a swabbing technique. Again it can be noted 
that as the number of organisms present on the test 
item decreases, the ratio of recovery increases. 

The direct plating procedure is of particular value 
in the detection of bacteria on rough or scratched sur- 
faces. Because the liquid agar will flow into scratches, 
a favorable atmosphere is provided for the development 
and detection of bacteria that would not be detected 
by a swab test. Figure 7 shows the development oi 
bacterial colonies on a mess tray. A number of the 
subsurface colonies are elongated in the direction of the 
machine marks on the surface. Close examination of 
the original tray indicated that these elongated colo: ies 
were located directly over these marks. 


SUMMARY 
Procedures are described for direct plating procedures 
for in situ detection of bacteria on metal mess tr: ys, 
soup bowls, cups and cutlery. 
Two hundred comparisons between the dict 
plating procedure and swab tests were made. In thse 
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comparisons, 3.87 to 29.3 times as many bacteria were 
deiected by the direct plating procedure as by swab 


tests. 
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There is an increasing need: by civilian defense 
agencies, research laboratories, and hospitals, for an 
inexpensive, simple, continuous sampling device that 
will recover air-borne microorganisms. Such a device 
should sample a relatively large quantity of air, should 
permit direct impingement of the organisms on the 
growth media, and should be easy to use in the field 
or laboratory. 

Bourdillion, Lidwell and Schuster (1948) have de- 
veloped several slit samplers. These have been com- 
plex mechanical units, difficult to sterilize, delicate, 
and requiring specially designed agar collection plates. 

Luckiesh, Holiday and Taylor (1946) have de- 
veloped a portable air sampler; however the collection 
surface is limited to a standard (100 x 15 mm) Petri 
dish and there is no means of determining the period 
in which the maximum biological concentration is 
collected. Furthermore, the sampling time is limited 
with the Petri dish as desiccation of the media occurs 
if exposed to prolonged periods of air sampling. 


MATERIALS AND METHODS 


An inexpensive slit sampler for collecting micro- 
organisms has been designed which utilizes a 150 x 20 
mm culture plate possessing 2.2 times the area of the 
standard Petri dish. This increased area permits collec- 
tion of a much greater number of organisms with this 
type of sampler and prevents drying out of the media. 
A sinple timing device is incorporated in the design 
of the sampler which permits rotation at the rate of 1 
revolution per hour, and renders an accurate time 
concentration relationship. 

The modified slit sampler and its component parts 


‘S cond Lieutenant, USAF (MSC). 


are shown in figures 1 through 4. The sampler is com- 
posed of 1) a slit and slit tube, 2) sampling box, 3) 
agar culture plate (150 x 20 mm), 4) agar plate holder, 
5) drive shaft, 6) 1-hour interval timer, and 7) interval 


MODIFIEO SLIT SAMPLER 


Fic. 1. General view, modified slit sampler 
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MODIFIED SLIT SAMPLER 


Fig. 2. Modified slit sampler with 150 x 20-mm agar culture 
plate in position. 


timer housing. “The slit and slit tube is threaded into 
the sampling box, and may be easily adjusted to the 
proper level as determined by the height indicator. 
The height indicator is a metal shaft with small discs 
at each end to show the level of the agar in the collec- 
tion plate. The slit opening may be set at various 
widths, by means of two recessed screws which hold 
the two metal plates on the slit tube in place. The 
sampling box is a cylindrical container housing the cul- 
ture dish and the agar plate holder. The dish containing 
the impingement media is commercially available. 
The agar plate holder is a metallic platform containing 
four clips which hold the plate securely in position. 
The drive shaft is ball bearing suspended and _ is 
mounted to the interval timer by means of an adapter. 
The function of the interval timer is to provide uniform 
rotation of the plate for a period of 1 hour. The housing 
for the interval timer is made gas-tight by means of 
an “Q” ring placed in a groove on tie bottom exterior 


Fic. 3. Modified slit sampler showing assembly of agar 
plate holder. 


Fic. 4. Component parts of modified slit sampler 


surface of the sampling box. When the interval tin er 


housing is screwed in position a gas-tight seal is 
cured. The volume and rate of air flow are determi: 
by a calibrated flowmeter. 


EXPERIMENTAL RESULTS 


A suspension of Serratia indica was atomized by 
means of an all-glass direct-spray peripheral air ject 
Chicago-type atomizer (Rosebury, 1948) into a room 
12’x 10’ x 9’ insize. Two sieve-type air samplers (1 )u- 
Buy et al., 1945) and the slit sampler were placed on 
the bench top in the nebulization room. Air samples 
were taken from the same height and location. ‘lhe 
results of six tests, each constituting the average of 30 





Comparison of Sampling Devices 


Legend: {] Interval Timer Slit Sampler 


Z Sieve Sampler (S;) 
Sieve Sampler (S2) 


Note: Each bar represents an 
average of !0 samples. 


Numbers in bars represent 
relative ratios. 


Avg. No. of Organisms Recovered per /cu.ft. of Air Sampled 
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diferent samples, (10 samples per bar) are shown in 
iphic form in figure 5. The efficiency of the slit 

ampler was obtained by considering the average 
mber of organisms collected per cubic foot of air 
apled with the sieve samplers as unity and comparing 
s number against those collected with the slit sam- 
r. The average of these ratios shows that the slit 
npler evaluated is 2.4 times as efficient as the sieve- 
ve sampler. To substantiate these results, another 
oratory experienced in sampler evaluation compared 
sieve and slit sampler described above, and reported 
s slit sampler to be 2.5 times as efficient as the sieve 

a npler. 


SUMMARY 


\ portable rotating air sampling device has been 
eloped that will sample and directly impinge air 
a 20 x 150 mm agar plate. This sampler has been 
und to be 2.4 as efficient as the sieve sampler and 
the advantage of sampling air at the rate of | 
ibic foot per minute for as long as 60 minutes, whereas 
sieve sampler is limited to a maximum use of 10 
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minutes, since pitting and drying of the media will 
occur. Concentrations of 2500 colonies per hour can 
be individually counted without difficulty in contrast 
to a maximum 340 colonies on the sieve sampler plate. 
Civilian defense agencies, hospitals, and research insti- 
tutions can utilize this sampler for detection of micro- 
organisms in the atmosphere. Air-borne transmission 
of disease should be traced more readily by use of this 
simple sampler. 
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In a previous paper, (Cortelyou ef al., 1954) reference 
was made to the necessity of investigating some of the 
physical factors which can affect the efficiency of ul- 
traviolet irradiation of certain bacteria in water. 

One of these factors is the intensity of the ultra- 
violet light which is available for germicidal action. 
Decrease in intensity will occur as a function of burning 
hours of lamp, voltage, absorption, and temperature. 

This paper is concerned chiefly with the findings of 
the germicidal efficiency of the G.E. G4T4/1 lamp 
whe: employed in the unit previously described 
Cortelyou et al., 1954), the intensities of the lamp 
beine varied across a wide range. 


MATERIALS AND METHODS 


The apparatus used in this work was substantially 
the :ame as reported in the previous paper mentioned 


| ngineer, A. R. F. Products, Inc., River Forest, Ill. 


above. Escherichia coli, the representative coliform 
organism, was used in this series of experiments. Large 
volumes of water were inoculated with 12- to 24-hour 
broth suspensions of this species. Final contaminations 
ranged from 43,000 to 12,000,000 organisms 100 ml. 
Seventy per cent of the samples treated were in excess 
of 1,000,000 organisms/100 ml. The contaminated 
water was passed through the apparatus at a flow rate 
of 119 qts/min. which provided approximately a 1- 
minute exposure period of all the water so treated. 
Total count and MPN determinations were made on 
all samples, nonirradiated and irradiated. U-V absorp- 
tion coefficients for these waters ranged from 0.10 to 
0.57 with a predominance of samples at 0.25. These 
measurements were made with an apparatus designed 
and used for determining U-V transmission of water 
(Luckiesh, Taylor, Kerr, 1944). The absorption coef- 
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U-V INTENSITY mw/Ft2at 244 IN AIR 


Fig. 1. Distribution of 201 irradiated water samples with respect to U-V intensity and resultant MPM values 


ficient was determined from the per cent of ultraviolet 
transmitted through each sample. 

Lamp intensity, with which this work is primarily 
concerned, was varied in several ways: 1) use of lamps 
of different ages; 2) use of a voltage supply regulator; 
and 3) use of a veritran. U-V intensity was measured 
by use of a G.E. light meter? with the Luckiesh-Taylor 
germicidal attachment? and modified with an aluminum 
sleeve to keep the method of measurement constant. 
Intensities are expressed in milliwatts per foot?. All 
readings were taken at 234” in air from the lamp center. 
By our method of measurement, an intensity value of 
1065 mw/ft? at 234” when measured by the lamp 
manufacturer’s standard is 960 mw/ft? at 234” (10.1 
microwatt minutes/cm? at 1 meter). 

RESULTS AND CONCLUSIONS 

Figure 1 shows the results obtained when 201 con- 
taminated water samples were irradiated. The data 
are graded from the highest to the lowest intensities 
studied. It can be seen that all samples treated with 
intensities of 650 mw/ft* and over have an MPN of 
0. This clearly demonstrates that such intensities are 
totally effective against E. coli suspensions when the 


?General Electric Company, Cleveland, Ohio. 


contamination level is as high as 12,000,000 organ- 
isms/100 ml. At intensities lower than 650 mw/ft®, 18 
samples showed an MPN of zero. However, since 17 
samples showed a positive MPN of 3.6 to 1400+, a 
high degree of confidence can not characterize inteisi- 
ties of 630 mw/ft? or less. It may be that 630 mw ft 
represents the critical threshold of germicidal efficieicy 
for this lamp under these conditions. It can be noted 
that 66.6 per cent of the samples between intensities 
of 500 and 630 mw/ft? show no FL. coli survival while 
33.4 per cent show an MPN of 3.6 to 1400+. 

The presence of some coliform positive samples in 
the intensity range, 500-630 mw/ft®, may find its 
explanation in several causes. When dealing with 
U-V irradiations it is apparent that U-V_ absor|ing 
particulates will exert a screening effect and may ‘ius 
exclude some organisms from the germicidal irrsia- 
tions. For this reason, waters of high bacterial dei sity 
might reasonably be those showing coliform sury val. 
However, the original population density of the w: ters 
irradiated with 630 mw/ft? and less would not ‘e 
feasible cause of these positive samples. Those san) ))les 
tested with approximately 2 and 3 million organi-ins 
100 ml had MPN’s of 43 and 23, respectively, wh: 'eas 
many samples within this intensity range having ‘ “ice 
the population density had MPN’s of zero. U-\ ab- 
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sorption coefficient likewise cannot explain these results 
as samples yielding both positive and negative results 
hid an absorption coefficient of 0.15 to 0.30. Other 
factors which may give useful information in this 
regard may be clumping and/or inadequate exposure 
tine. It is recognized that clumping can yield the same 
net effect as screening action due to density of popula- 
tion or U-V absorbing particles. It is further reasonable 
that at low intensity ranges the germicidal energy 
c nnot effectively reach the “center” of such an ag- 
gate whereas at higher intensities the greater 
rgy can effectively reach the center. Because of this 
tect, if clumping did occur it would not be detected 
survival of irradiated microorganisms at higher 
ensities. 

Inadequate exposure time is another possible cause 

| coliform positive samples. In a previous paper (Cor- 

you, et al., 1954) it has been shown that duration of 

xposure in the apparatus can be decreased by an 

rease in flow rate which then occurs concurrently 

th an increase in agitation or mixing. It was also 
shown that these two factors, duration of exposure 

nd agitation of the body of water, adequately com- 

nsated for each other such that a high degree of 
efficiency could be reached as the flow rate was in- 
creased from 14 to 2 qts/min. A perfect flow pattern 
with adequate agitation would be one in which each 
particle of water would predictably pass into the area 
of average intensity a sufficient number of times to 
insure a lethal exposure. It is possible that the degree of 
imperfection which exists in the flow pattern in this 
apparatus establishes the level of minimum effective 
intensities. At higher intensities this imperfection 
would not be detected due to the obscuring effect of a 
higher germicidal energy, while at lower intensities 
it would not be satisfactorily compensated. 

That the survivors of some of the coliform positive 
samples from lower intensity tests had been exposed 
and to some degree altered by the U-V irradiation is 
attested to by the fact that in nine cases brilliant green 
bile inoculations of corresponding irradiated samples 
yielded negative results while their nonirradiated con- 
trol samples were positive. 

Certain physical factors, some of unpredicted occur- 
rence, can affect U-V output. Among these are tem- 
perature of the medium being treated, fluctuations in 
line voltage, and age or burning hours of the lamp. 
It has been shown by Luckiesh, Kerr and Knowles 
(1917) that a drop in the temperature of the medium 
has a marked effect on U-V output when a lamp is 
immersed in that medium. These authors reported 
thai a 30-watt, T-8 germicidal lamp immersed directly 
into water at 10 F was shown to have a 58 per cent 
decrease in output from that at 70 F. Data presented 
here (figure 2) show that a G.E. G4T4/1 lamp when 
immersed directly into waters of 10 to 0 C will have an 
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Fic. 2. Per cent of U-V output of the G.E. G4T4/1 lamp 
when immersed directly into waters of different temperatures 
and when provided with a quartz enclosure at the same tem- 
peratures. 
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Fic. 3. Per cent of U-V output of the G.E. G4T4/1 lamp 
when. line voltage is varied above and below 110 V. 


average U-V output approximately 58 to 22 per cent of 
its output at 20 C. When a lamp enclosed with a quartz 
envelope is submerged into waters of the same tempera- 
tures the average U-V output is 98 to 74 per cent of its 
output when the water is 20 C. It is therefore apparent 
that temperature effect on output can be lessened by 
the use of an enclosure providing an air space which re- 
duces heat dissipation from the lamp to the surrounding 
body and simultaneously protects against the ambient 
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temperature effect on the lamp over a relatively 
wide temperature range. 

The data of figure 2 represent the U-V output ob- 
tained after a 5-minute period of temperature adjust- 
ment. The same intensity was observed when a period 
of 10 minutes was allowed for temperature equilibrium. 

As with temperature, so with fluctuations in operat- 
ing voltage; there is variation in U-V output. The effect 
of a drop in voltage on U-V output of the G.E. G4T4/ 1 
lamp can be seen in figure 3. 

Ultraviolet output is a function of filament tempera- 
ture (Koller, 1952) and increases rapidly with an in- 
crease in the temperature of the filament. Variations 
in U-V output are due at least in part to the change in 
filament temperature which occurs with a change in 
voltage (G.E. Lamp Bulletin, 1950). 

These observations indicate that when ultraviolet 
is used in purifying water, consideration must be given, 
in stating the minimum intensities for efficiency, to 
the unpredictable occurrence of temperature and 
voltage variations. In addition, consideration must be 
given to the absorption of water and lamp age. 

The absorption coefficients of some of the 201 samples 
reported in figure 1 were measured. The results are 
presented in the order of increasing absorption and 
are given in table 1. 

These preliminary findings indicate that for the 
relatively low intensities of 735 mw/ft? and high ab- 
sorptions of .550 and .570 the germicidal effect is still 
sufficient to give MPN’s of zero. Investigations are now 
in progress to determine more closely the combinations 
of minimum intensities and maximum absorptions 
which will permit effective germidical action. 

The available intensity of ultraviolet light is affected 
by the transmitting medium. It is recognized that 
waters differ in transmission 
of ultraviolet light of 2537A. Studies have been made 
on the absorption factors of different waters. Luckiesh, 
Taylor and Kerr (1944) have reported the absorption 


their characteristic of 


TABLE 1. Representative absorption coefficients observed with 
irradiated water samples and the elimination of 
bacterial contamination 


Absorption 


taper ° Intensity Contamination Control Survival 
Coefficient/in , : ‘ 


MPN /100 


mil 


mw/ fl, per 100 ml MPM /100 ml 


705 1,325,000 
735 3,943,000 
750 2,821,800 
690 6,695, 200 
720 3,600,300 
690 1,585,000 
750 2,884, 100 2400+ 
750 3, 187,500 1600 
735 193, 300 920 
735 531, 200 1600 
735 531, 200 1600 


2400+ 
1400+ 
1400+ 
1400+ 
1400+ 
2400+ 
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Fic. 4. Per cent of U-V transmission at 3 inches from 


lamp and at the point of average intensity in the appara 


used in this work, when waters of different absorption co 


ficients are used. 
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Fic. 5. Normal lamp depreciation with burning hour 
reported by the lamp manufacturer compared with ex; 
enced intensities for the burning hours indicated. The nun 
of samples tested within given intensity ranges are design 
by bar graphs. © = Experienced values plotted agains‘ 
tensity with circuit used in these tests. CO = No. of 
plotted against intensity. 


coefficients for a variety of different waters and sho 
their effect on the depth of U-V transmission thr: 
these: for example, distilled water with an absorp 
coefficient of 0.02 absorbed 90 per cent of the inci 
germicidal energy of 2537A in 115 inches; drilled 
water with a coefficient of 0.14 absorbed 90 per 


nt 
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0) the energy in 16 inches; concrete cistern water with 
, coefficient of 0.75 absorbed the same percentage in 
3} inches and public water supplies across 20 cities with 

sorption coefficients of 0.07 to 0.47 absorbed 90 

rcent of the energy between 35 and 5 inches. The net 

ect of the absorption of the ultraviolet is the decrease 
intensity available for killing bacteria. The apparatus 

» have been using is dimensionally designed to treat 

iters with the highest reported absorption coefficient. 

vr example, the maximum depth of water from the 
mp center is 3 inches, with the point of average in- 
sity at a depth of three-fourths inch. It can be seen 
figure 4 that the decrease in transmission at the 
int of average intensity is approximately 10 per cent 

waters having an absorption coefficient of 0.575 

0.75. 

Figure 4 has been constructed to demonstrate in a 

mparative way the effects of different absorption 

efficients on U-V transmission by using values cal- 
lated with the known equation of ¢ = e~* (where 

s the transmission; a is the absorption coefficient per 
inch and d is the depth of water in inches). 

Natural decrease in lamp intensity will occur as a 
funetion of burning hours. In addition it has been 
shown (Nordberg, 1947) that there is a reduction of 
U-V transmission through various glasses due to so- 
larization. The effect is small in fused quartz, but is 
considerably larger in other glasses such as Vycor and 
Pyrex. This decrease is part of the measured reduction 
in transmission with time as is also the reduction due 
to mercury blackening. In the use of germicidal lamps 
it is important to consider the germicidal output as a 
function of age or burning hours. Figure 5 presents our 
limited findings superimposed on the reported data 
of the lamp manufacturer. The lamp intensities given 
are a function of age for the lamps used in the circuits 
established in these tests. It can be seen that the germi- 
cidal output falls rapidly during the first 100 burning 
hours and then levels off to a gradual decline during 
its remaining life. It may also be seen that our data 
(measured by our method) show a depreciation com- 
parable to those reported as average over a large 
number of lamps (G.E. Lamp Division, Specification 
Sheet, 1953). Also shown is a bar graph indicating the 
nuinber of tests carried out at the respective intensities. 
Eighty-four samples were tested at 700 to 800 mw ft?. 


Of the 84 samples, 79 were tested between 700 and 750 
mw ft*, anintensity range which is below the predicted 
output of the curve. This range was selected to deter- 
mine as precisely as can be done the germicidal ef- 
ficiency of intensities below the predicted output, 
since it must be kept in mind that the factors men- 
tioned above, for example, temperature, voltage and 


absorption, will also decrease the amount of intensity 


available for germicidal action and all these factors 
must be considered together. It may be concluded that 
when intensities of 650 mw, ft? are available for irradia- 
tion, effective germicidal action may be relied upon. 


SUMMARY 


Data have been presented to show germicidal ef- 
ficiency across a wide range of U-V intensities. The 
apparatus used, described previously, has been shown 
to effectively free waters of Escherichia coli when this 
species is present in numbers exceeding 1,000,000. 100 
ml and the U-V intensity is more than 630 mw ft’. 
The factors of ambient temperature and voltage flue- 
tuations have been shown to reduce U-V_ intensities 
to 74 and 78 per cent, respectively, of the original 
output. A quartz enclosure surrounding the U-V lamp 
markedly decreases temperature effects on output. 
The effects on the available intensity by absorption of 
water and lamp age have been discussed. 
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The remarkable distribution of cholesterol in vege- 
table and animal tissues and also its relation to other 
important substances (bile acids, vitamin D, some 
hormones, among them corticosterone and particularly 
the sex hormones) has for a long time posed the prob- 
lem of its mode of synthesis, biochemical evolution and 
decomposition (Rondoni, 1951). Our knowledge of this 
subject is, however, scanty and especially is the study 
of its decomposition and enzymatic degradations (the 
aspect with which we are most concerned) very difficult 
on account of its nearly complete insolubility in water. 

While weak hydrolysis transforms the fats into com- 
pounds more or less water-soluble, the degradation of 
cholesterol requires the more powerful action of oxidiz- 
ing and reducing enzymes. It must also be remembered 
that the pseudocolloidal suspensions obtainable with 
cholesterol cause a lowering of the surface tension. It is 
known (Arnaudi, Kopaczewski and Rosnowski, 1927; 
Lasseur ef al., 1932), that microbial development is 
arrested in nutrient fluids in which the surface tension 
is lowered beyond a given limit, which varies from one 
species to another, and is between 30.6 and 50 
dynes/em.? 

To this physical property is perhaps to be ascribed, 
at least in part, the relative resistance to microbial at- 
tack, which is the reason for the wide-spread opinion 
that cholesterol is almost unattackable by microorgan- 
isms. Some authors even believe that cholesterol may 
possess antibacterial activity. In fact, according to 
Raab (1946), cholesterol, ergosterol and vitamin D, 
having in common the phenanthrene nucleus, have 
also in common some antibacterial activity capable of 
preventing in vivo the multiplication of Mycobacterium 
and in vitro the growth of Staphylococcus aureus (Micro- 
coccus pyogenes var. aureus). 

Squire and Squire (1948) have taken up again this 
question and tested various sterols, (bicholesteryl, cho- 
lesteryl chloride and bromide, cholesteryl-p-toluene 
sulphonate, 5-cholestene, 3:5-cholestadiene, cholesterol) 
towards: Streptococcus lactis, Klebsiella pneumoniae, 
Serratia marcescens, Sarcina lutea, Staphylococcus au- 
reus, Staphylococcus albus, Alcaligenes faecalis, Aerobac- 


, 


ter aerogenes, Escherichia coli, Eberthella (Salmonella) 


typhosa, Salmonella schottmuelleri, Shigella paradyse 
teriae, Bacillus subtilis, and Bacillus megatherium. Thi 
results lead to the conclusion that bicholesteryl has ) » 
activity against these microorganisms, while chol 
teryl bromide and chloride inhibit the growth of Ki: 
siella pneumoniae and Streptococcus lactis; cholester, 
p-toluene sulphonate and 5-cholestene would als. 
inhibit Streptococcus lactis; 3:5-cholestadiene would | 
hibit the growth of Escherichia coli; finally, cholester:)| 
inhibits: Aerobacter aerogenes, Shigella paradysenteri: 
and Klebsiella pneumoniae, but, on the other hand, 
shows a stimulating action on the development of .1/- 
caligenes faecalis and Salmonella schottmuellert. 

The fact is that, until 10 years ago, on the question «i 
the utilization of cholesterol by microorganisms 
have only the observations of Soehngen (1913), car- 
ried out during his researches on bacteria attacking 
paraffins. The enzymatic activities of bacteria are, ho 
ever, so varied and specific that it is logical to suppose 
that we can have in nature many microorganisms pos- 
sessing such biochemical activities. With this idea aid 
since the soil is the seat of various enzymatic and bac- 
terial phenomena, the Dutchman Tak (1942) and 
the English author Turfitt (1944), independently and 
at the same time, have studied the problem of the micro- 
biological decomposition of cholesterol in soil. 

Immediately after the end of the war, and being ig- 
norant of the researches of Tak and Turfitt owing to 
the lack of scientific journals, C. Arnaudi and his asso- 
ciates C. Colla, R. Treecani Bennetti, and A. Schivs- 
ser, initiated their investigations upon the microbioloyi- 
cal degradation of cholesterol, which were extended 
afterwards to some sterol saponins and corticoster«'s. 
These studies are summarized in this paper. 

The first work on the susceptibility of sterols towa:ds 
attack by bacteria was begun in 1939 and has given \1n- 
portant results regarding the action displayed by mic o- 
organisms towards substances derived from choleste: 0, 
but lacking the side chain. 


OXIDATION OF HORMONAL STEROLS 


The susceptibility of sterols and particularly of di \y- 
droandrosterone to oxidation by microorganisms : 
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nsformation into androstenedione was first shown by 
umoli, Koch and Teschen in 1939. This action was 
ribed to a small bacterium referred to previously as 
‘urynebacterium helvolum but later classified as Coryne- 
tertum mediolanum (N. spec.). Afterwards Arnaudi 
144) was able to show that the culture employed was 
itaminated and contained a mixture of several bac- 
ia. Some of them, very much alike, probably be- 
ied to the species Flavobacterium dehydrogenans; 
iers were bacteria presenting analogous physiological 
‘| aracteristics (lack of hydrolytic power, conspicuous 
wers of oxidation), but not flavobacteria and, above 
without action on sterols; others again were con- 
ninating bacteria, and inert from the point of view of 
idizing power. In the same year Arnaudi (1939) iso- 
ed a microorganism possessing in pure culture the 
ne power of oxidation; he named it first MW/zerococcus 
iydrogenans but afterwards, Flavobacterium dehydro- 
ans (Arnaudi, 1942). The study of the oxidizing 
wer of these microorganisms was extended by 
‘ycoli (1941) who was able to demonstrate that they 
ave a great capacity for oxidizing more sterols from 
the sex hormone series. Lastly, in 1941, Arnaudi and 
Ercoli isolated a bacterium, afterwards named Bacte- 
rium steroidiclasium, possessing the capacity to pro- 
foundly decompose the sterol molecule from the andro- 
stene group, that is to say, dehydroandrosterone and 
androstenedione so that in the reacting liquids one can 
no longer find compounds with polycyclic structures, 
belonging to the original sterol skeleton. The same bac- 
terium is able also to oxidize estradiol to estrone. 


OXIDATION OF CHOLESTEROL 

In a series of investigations (Arnaudi and Colla, 
1949; Arnaudi, 1950, 1951; Treccani Benetti, 1952), 
later extended (Arnaudi and Colla, 1952; Colla, 1952), 
it has been demonstrated that Flavobacterium maris 
can oxidize cholesterol to A-4-cholestenone with vari- 
able yields, according to the medium employed to main- 
tain the culture and the medium in which the oxidation 
takes place. 

During one of the first experiments with F. maris 
(Arnaudi, 1950), a nutrient mineral solution containing 
0.3 per cent asparagine and 0.2 per cent cholesterol was 
incubated with strong oxygenation at 25 C for 18 days, 
with the results shown in table 1. A cholesterone yield 
of !2.6 per cent was obtained based on the cholesterol 
part to react. 

Some later experiments demonstrated the influence 
exercised by the composition of the culture medium in 
which the attack of cholesterol takes place, on the 
course and the result of the attack. In experiments con- 
ducted under the same conditions, but without the 
aspiragine in the saline substrate, working in presence 
of cholesterol as sole source of carbon and prolonging 
the experiment for about 3!4 months, one obtains, as 
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TABLE 1. Oxidation of cholesterol to A-4 cholestenone by 
Flavobacterium maris 


Substance Quantity 


grams 
Cholesterol put to react 9.810 
Product obtained by extraction with ether 9.070 
Unaltered cholesterol 7.0337 
A-4-Cholestenone 1.240 


the only result, the degradation of cholesterol. This fact 
is demonstrated by the following data (Treecani Ben- 
etti, 1952): 

grams 


Cholesterol put to react.. 0.600 
Ethereal residue............. 0.216 


The reaction for ketosterol was negative at the end 
of the experiment, but positive after the first month of 
incubation. The influence of the composition of culture 
medium employed for maintaining the strain has been 
successfully demonstrated. It was observed that after 
consecutive subcultures on yeast-autolysate agar Fla- 
vobactertum maris gradually lost its power to oxidize 
cholesterol, under proper conditions of experiment. For 
that reason, the same strain was maintained alive for 
a long series of consecutive subcultures, not only on 
yeast-autolysate agar but also on the saline medium 
with asparagine cholesterol and agar. After some sub- 
cultures the growth on the two microbial cultures were 
examined in parallel. The results are shown in table 2 
(Colla, 1952). 

Successively (Colla, 1953), three new strains of 
Schizomycetes were isolated in pure culture from soil 
taken from the neighborhood of Digitalis lanata, Dios- 
corea sp., and Yucca aloifolia containing, as is known, 
sterol saponins and sapogenins. The microorganisms 
were tested for their action on cholesterol, cholestenone, 
and acetylcholesterol in a saline medium containing 
0.025 per cent asparagine. Highly aerated conditions 
were employed, either in Kolle flasks or in Kluyver 
flasks with forced oxygenation. The different sterols 
were added in powder form accurately weighed. From 
the weight of the ethereal extracts at the end of the as- 
says, the quantity of sterol that had disappeared was 
determined by difference. By alumina chromatography 


TABLE 2. Influence of the stock culture medium on oxidation of 
cholesterol to cholestenone by Flavobacterium maris 


Yield of Cholestenone* 
Stock Culture Medium 
Experiment 1 Experiment 2 


Yeast-autolysate agar.... 0.95 0.6 
Saline-asparagine-cholesterol agar. . 41.3 21.2 


* Fermentation medium: mineral medium with 0.3 per cent 
asparagine and 0.1 per cent cholesterol; forced oxygenation 
for 18 days. 
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of the extracts it was possible to ascertain the quality 
and quantity of the transformation products eventually 
formed by different conditions of experiment. 

In this way, it was possible to demonstrate the ca- 
pacity of two strains to attack cholesterol by oxidation, 
transforming it partially into A-4-cholestenone. Be- 
sides A-4-cholestenone, for one of those strains there 
was discovered in the ethereal extracts the presence of 
other substances, of which one was of ketonic nature, 
but in extremely small quantity; these are now in course 
of identification. 

All of the isolated strains are able to utilize acetyl- 
cholesterol and cholestenone; the identification of the 
intermediate products of degradation of these sub- 
stances is until now impossible, because, if formed, they 
Secame promptly metabolized. Chromatography of the 
ethereal extracts shows only the substances present at 
first. 

As to the oxidizing attack of cholesterol, the numer- 
ous experiments accomplished permit the conclusion 
that the cholestenone formed in the cultures is only, in 
small part, of secondary enzymatic origin. It was in 
fact possible to demonstrate the following: 1) Where 
the degradation of cholesterol was more profound, the 
quantity of cholestenone produced was always greater. 
When an addition to the culture medium of another 
source of carbon, more easily utilized, was.made, to- 
gether with cholesterol, the degradation of the choles- 
terol was very much reduced. 2) After action on choles- 
terol of an abundant, preformed microbial suspension 
in phosphate buffer at pH 6.8, there was obtained a 
quantity of cholestenone of about 7 per cent of the 
cholesterol reacting. These results are sufficiently con- 
firmed by the data of the three most significant experi- 
ments (tables 3, 4, and 5). 

Although the cholestenone appears to be degraded 
with a lower velocity than cholesterol, as is demon- 
strated by the fact of its accumulation in the medium, 
this substance could be considered as an intermediary 
product of the microbial attack on cholesterol, if some 


TABLE 3. Oxidation of cholesterol by unidentified soil culture 
grown in Kolle flask* 


Autolysate, 

Glucose, | 0.05%; glu- 

0.2%; Final | cose, 0.2%; 

pH, 6.4¢ Final pH, 
6.6T 


Yeast 
autolysate, 
0.15%; Final 
pH, 6.6¢ 


Added Substances 


grams grams grams 

Cholesterol added as powder 0.2066 0.1936 0.1871 

Ethereal extracts 0. 1852 0. 1853 0.1835 

Sterol disappeared 0.0215 0.0083 0.0036 
First chromatographic fraction with ben- 
zene as eluant. A-4-cholestenone, mp 

80 Ct 5 Lhesteaeeie oe 0.0418 0.0280 0.0103 


* Unidentified isolate D4 grown in 200-m1 mineral medium with the indicated 
supplements in Kolle flasks for 4 days at 30 C. 

t Initial pH 6.8. 

tA second chromatographic fraction obtained with 80 parts benzene:20 
parts chloroform as «iuant contained unaltered cholesterol. 


TaBLeE 4. Oxidation of cholesterol by unidentified soil cultu 
grown in Kluyver fiask* 
Yeast Autolysate, 


0.05%; Final pH, 
6.6 


Glucose, 0.2° 
Final pH, 6.6 


Added Substances 
grams grams 
0.1833 0.1998 
0.1110 0.2012 

0.0723 


Cholesterol added as powder 
Ethereal extract 
Sterol disappeared 
First chromatographic fraction 
with benzene as eluantt. A-4- 
cholestenone mp 80 C 0.0628 0.0171 
* Unidentified isolate D4 grown in 200 ml mineral mediu y 
with the indicated supplements in Kluyver flasks for 88 hous 
at 30 C. Oxygenated immediately after inoculation. 
+ Initial pH, 6.8. 
tA second chromatographic fraction obtained with 
parts benzene:20 parts chloroform as eluant contained u 
altered cholesterol. 


TaBLe 5. Oxidation of cholesterol by a microbial suspension «1» 
phosphate buffer* 


Substance Quantity 


grams 
0.1926 
0.1972 


Cholesterol added as powder 
Kithereal extract 


First chromatographic fraction with benzene as 
gray 


eluent?. A-4-cholestenone, mp 80 C 0.0138 


* Microbial suspension of unidentified isolate [Ke obtained 
from six Kolle flasks (containing 150 ml of saline-asparagi: 
cholesterol agar) washed three times by centrifugation. Sus 
pension of cells prepared in pH 6.8 phosphate buffer, 200 : 
in Kolle flasks and incubated 48 hours at 30 C. 

+ A second chromatographic fraction obtained with 80 part 
benzene:20 parts chloroform as eluant contained unalter 
cholesterol. 


particular conditions of the experiment are taken in| 
account. 

The fact that the substances to be attacked 
added in powder form and so result in an excess, has thie 
consequence that in comparative assays of the rate of 
disappearance of cholesterol and cholestenone adde 
to a medium both the degree of dispersion of the p: 
ders and their solubility (which, though extrem: 
small, is always present) have some effect. On the ot! 
hand, it is not possible to exclude the possibility that 
velocity of dehydrogenation of cholesterol can 
greater than the velocity of degradation of added 
lestenone (considered as an intermediary product ) 
that the cholestenone at the moment of its format 
from cholesterol has a greater reactivity than t 
introduced as a powder into the culture medium. 

Taking into consideration the action on acetylcho 
terol, a substance which is degraded at the same rat 
cholesterol, and considering this substance to be chi 
terol with the OH group in the 3 position blocked 
cannot exclude the possibility that the attack on 
sterol can take place only if the OH in the 3 positi: 
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transformed as a first step. Also, it is possible that a 
st ain which degrades acetylcholesterol, cholestenone, 
ai d cholesterol with nearly equal intensity without any 
cl olestenone accumulating from the cholesterol sub- 
st ate could have the same mechanism of action as the 
gi aer strains which accumulate cholestenone. In this 
ese, if formation of cholestenone oceurs it must be 
in mediately metabolized. Until now, it has been impos- 
si le to give experimental proof of this fact, but, on the 
o! ner hand, it is not improbable that this strain, which 
lifferent from the other two, may possess an enzy- 
tic complex entirely or partially different and there- 
e that it may be able to attack the cholesterol by 
ther mechanism. 
With one of the strains we have also attempted to 
< ablish, by means of an assay of the CO» developed, 
ring an experiment in the presence of forced oxy- 
ation, whether the cholesterol disappearing from 
‘medium is partially mineralized. From this experi- 
nt, although not rigorously quantitative, it would 
pear that the cholesterol disappearing from the me- 
im is partially mineralized and utilized for supply of 
energy. The quantity of CO» developed is a little less 
than half of that which would be theoretically obtained 
if all the cholesterol disappearing were mineralized. 
Under the same conditions, the microbial mass esti- 


mated at the end of an experiment, with this aim, was 
about 10 times greater than that obtained with the 
same saline culture medium, without cholesterol. This 
fact demonstrates that the microorganism was able to 
utilize cholesterol also for cell material. 

Experiments upon degradation of sterol saponins 
(Arnaudi, 1951b., Arnaudi, Schiesser and Allegranza, 
1951; Schiesser, 1952, 1953a, 1953b). From. soils on 
which Digitalis purpurea was cultivated, two Schizo- 
mycetes have been isolated by means of enrichment 
cultures, incubated at 30 and 40 C. There was observed 
in these cultures, as an indication of microbial attack 
on the substance examined: 1) An increase of the sur- 
face tension in the culture medium. 2) Formation of a 
flocculent precipitate of nonmicrobial nature, which in 
the cultures grown at 30C diminished and after 60 
days’ incubation, disappeared almost completely. 

Of the two Schizomycetes, the one isolated from the 
enrichment cultures incubated at 40C and probably 
similar to Bacillus macerans Schardinger, hydrolyzes 
digitonin and can utilize the attached sugars. The sterol 
portion of the molecule is not degraded and combines 
with a part of the digitonin present in the culture me- 
dium, thus forming a compound, probably a digitonide. 
The digitonin thus formed is no longer degradable. This 
is confirmed by tests of the hemolytic titers, performed 


TABLE 6. Determination of the hemolytic titers in a culture of Bacillus macerans (Schiesser, 1953b 


Control 
Control Salts Culture as Such 
Ml Salts Solution 
Assayed Solu + 0.1% 
tion* Dig 40 00 8 23 
tonin days days days days 


02 
0.01 
0.005 


* The hypotony of the saline solution was corrected by addition to each determination of 10 per cent NaC] solution (8.5 per cent 
to each tube; the final volume was made equal for all tubes with physiological salt solution 


» 7. Determination of the hemolytic titers in a culture of Bacillus macera 


Centrifuged Culture Liquid 
Above the Sediment 


days days days days days days days days 


Centrifuged Culture Resuspended 


Culture Solution After Ether 
Sediment 


Extraction 


8 23 40 60 8 23 10 60 


days 


One ml of red blood cells was added 


ns in mixture with the companion microorganism N. 2. 


(Schiesser, 1953b) 


Control : 
Control | Salts Culture as Such 
Salts [Solution 
Solu- | + 0.1% 7 
tion* Digi- 5 15 30 60 5 15 
tonin days days days days days days 


1e hypotony of the saline solution was corrected by addition to each determination of 10 per cent NaCl solution (8.5 per cent). One ml 
tube; the terminal volume was made equal for all tubes with physiological salt solution. 


Centrifuged Culture Liquid 
Above the Sediment 


5 5 5 
days days days days days days days days 


Centrifuged Culture Resuspended 


Culture Solution After Ether 
Sediment 


Extraction 


60 5 x0 60 15 0 60 


} days days 


of red blood cells was added 
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at different times on a culture, examining the culture 
medium as such and after centrifugation (testing either 
the sediment resuspended in the nutrient solution or the 
liquid above the sediment). Also, the culture was sub- 
mitted to ether extraction, in order to remove, at least 
partially, the precipitate not soluble in water (table 6). 

From the same enrichment cultures, another micro- 
organism, whose systematic position is not yet com- 
pletely established, was isolated. This microorganism, 
although unable to attack directly digitonin, can in- 
crease considerably the activity of B. macerans as will 
be seen in table 7. This activity is not possessed by any 
one companion organism surviving in the enrichment 
cultures, so that it is believed that it is due to a rapid 
utilization of the sugars hydrolyzed by B. macerans. 

Attempts to extract the precipitate formed with ordi- 
nary organic solvents were unsuccessful. The supposi- 
tion that the compound formed is a digitonide is con- 
firmed by the fact that dissolving the same in pyridine 
and precipitating with ether gives first, a fraction con- 
sisting of unaltered digitonin and second, a fraction 
consisting of a substance with the characteristics of 
digitogenin (Schiesser, 1953b): 


Digitogenin obtained from acid hydrol- 
ysis of digitonin, recrystallized from 
ethylacetate...... 

Digitogenin obtained 
hydrolysis, recrystallized as above 

Mixture of the two products. 

For Ce7HyO; calculated C = 

9.89 per cent 
determined C = 72.09 per cent H 
= 9.68 per cent 


; mp 283 C 
from microbic 
mp 283 C 
mp 283 C 
72.26 per cent H = 


We give now data from two more experiments con- 
cerning the fission of the digitonid in the cultures: 


First Experiment (Schiesser, 1953b). Culture of Bacillus ma- 
cerans in mixture with strain 2 after 60 days incubation. 

The digitonin added was 0.5 g. From 0.3334 g dry sediment 
obtained from centrifuging the culture, one obtained 0.1204 g 
(36.12 per cent) of the sterol portion and 0.1619 (48.58 per 
cent) of digitonin. The insoluble portion was 15.8 per cent!. 
The hemolytic titer of the nutrient solution after centrifuga- 
tion was 1: 2000. 


Second Experiment (Schiesser, 1953b). 
macerans after 60 days incubation. 

The digitonin present was 0.5 g. From 0.3642 g dry sediment 
one obtained 0.0582 g (15.6 per cent) of sterol portion and 
0.2568 g (75.5 per cent) of digitonin. The insoluble portion 
was 8.49 per cent.' Hemolytic titer of the nutrient solution 
after centrifugation was 1:5000. 


Culture of Bacillus 


Experiments carried out to clear up the behavior of 
digitogenin towards hemolysis show that it is not only 
inactive to the red blood cells of a ram, but that it has 
a distinctly antihemolytic action on digitonin, as ob- 

1 Tn all experiments of this type, the insoluble portion con- 


sisting of the microbial mass that was necessarily collected 
during the centrifugation was weighed and treated. 
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TABLE 8. The effect of digitogenin on hemolysis by digiton n* 


(Schiesser, 1953b) 


Digitonin 0.1 mlt Digitonin 0.05 mlt 2 
MI Fee 
-, so ee é ceto 
Assayed Control Alone 
acetone 


Control 


ihe 
Digitogenin} pancreas 


Digitogenin} 
0.001 
0.01 
0.02 


+4++4++ +4+4+4+4+ +4444 +4444 /--- 
+4+++4+4+4+4+4+4+ +4+4+4+4+ +4444 --- 
+++4+++4+++4+4+/4+4++--+4+++4++4+4)/--- 
0.04 ++++44+4+4+4+4+4+4+---4+4+4+4+4/--- 
0.05 +++44+ +++4+4+ ++---+4++++4+-- 
Ol +4+---4+4+++4+4+/4+4+--- +4+4+4+4+44+- 
0.15 4+4++--—+4+4+4+4+ 4+++44+ +4+4+4+4+/ 444 
0.2 +4+4+4+4+4+4+4+4+4+ 4+4+4+4+4+ +4+4+4+4/4+4+4 


*The determinations were carried out employing 1 
red blood cells of a ram, in 5 per cent suspension. 

+ Digitonin at 1/1000 in physiological salt solution. 

t Digitogenin in acetone solution at 2/1000. 


TaBLeE 9. The effect of digitogenin on hemolysis by hypoton* 


(Schiesser, 1953b) 


MI Assayed Digitogenint Acetone 


0.01 
0.02 


TT Tes 
+++22 
0.04 oc 
0.05 +++-- 
0.1 SS 
0.15 ++2+-- 
0.2 ++24-—- 


i e  — 
+4++++ 
agree 
++++24 
+++++4 
++++2 
sr ia ne 


* The determinations were carried out employing 1 ml re 
blood cells of ram, in 5 per cent suspension. Total hemolysi 


was obtained with 0.8 ml of distilled water and was recorded 


fie is ie i ia 
+ Digitogenin in acetone solution is 0.2 per cent. 


TABLE 10. The effect of digitogenin on a complete hemolt 


system (Schiesser, 1953b) 


Supplement to Hemolytic System* Hemol) 


None Se TR A at eee ta ee 

0.1 ml of 2 per cent digitogenin solution in acetone. 

0.05 ml of 2 per cent digitogenin solution in ace- 
tone 


eal 
+--— 


0.1 ml acetone 
0.05 ml acetone 


* Hemolytic system: 0.5 ml hemolytic serum, 0.4 ml « 
plement, 0.5 ml red blood cells, and physiological salt soli 
to make up to 2 ml. 

Titer of complement: 0.4 ml of a dilution at 1:10. 

Titer of guinea pig hemolytic serum: 0.5 ml of a dil 
at 1:1,000,000. 


served during the microbic development in the nut 
solution. Moreover, it has an antihemolytic ¢ 
against hemolysis due to hypotony and that of the « 
plete hemolytic system. This is demonstrated in t: | 
8, 9, and 10. 

The second microorganism isolated from the e1 
ment. cultures at 30 C capable of attacking digito: 
a Flavobacterium, probably Flavobactertum sewa: 
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MICROBIOLOGICAL DEGRADATION OF STEROLS 


The organism acts at first in an analogous manner to B. 
mocerans, but its ability also to degrade the sterol por- 
tion of the digitonin makes the digitonide produced 
lalile. The compound (although it may be of the same 
ure as that from the cultures of B. macerans) is 
ily separated by ether extraction (in the protocols of 
experiments this treatment is indicated as treatment 
while under treatment 1 is to be understood the 
varation of the digitonide with pyridine). This may be 
«nin some of the experiments reported. 


st Experiment (Schiesser, 1953b) Cultures of Flavobacterium 

after 5 days incubation 

lreatment 1. Digitonin present, 0.5018 g. Oxygen given for a 

minutes twice a day; pH, 6.8. From 0.3258 g dry sediment 
tained from centrifugation of the culture and drying in the 

n at 50 C) one obtained 0.0646 g of sterol portion (19.82 

cent), mp 281 C (control substance mp 282 C) and 0.1557 

17.79 per cent) of digitonin. The insoluble portion was 
2.59 per cent. The culture liquid gave, after centrifugation, 

izht hemolysis the value of which was not determinable. 
reatment 2. Digitonin present, 0.5045 g in 500 ml of saline 
lution; pH of the culture, 6.0. The digitogenin extracted 
ith ether was 0.0874 g (mp 280 C). The hemolytic titer of the 
‘ulture liquid after ether extraction and removal of the residual 
ether was 1:2000. 
Second Experiment (Schiesser, 1953b). Cultures of the Flavobac- 
terium sp. after 11 days incubation. 

'reatment 1. Digitonin present inthe culture medium, 0.5022 
g in 500 ml of saline solution. Oxygen given 3 days after in- 
oculation, for 715 days; pH, 6.7. The culture liquid showed, 
after centrifugation, no hemolysis. From 0.1537 g dry sediment 
one obtained 0.0119 g of the sterol portion (7.74 per cent) and 
0.0129 g of digitonin (8.39 per cent). The insoluble portion was 
83.87 per cent. 

Treatment 2. Digitonin present, 0.5026 g in 500 ml of saline 
solution; pH, 6.7. The digitogenin extracted with ether was 
0.0080 g. The culture liquids showed no hemolysis. It must be 
noted that the oxygenation of the cultures accelerates enor- 
mously the process accomplished by Flavobacterium on the 
substance examined. 


DEGRADATION OF OTHER STEROLS 


With the Flavobacterium sewanense (Arnaudi and 
Schiesser, 1952), obtained from decomposing leaves 
and from soil used for the isolation of microbial forms 
able to break down digitonin, tests have been conducted 
for determining the capacity of this microorganism to 
attack different sterol substances. By this means it was 
demonstrated that this bacterium is without action on 
cholesterol, cholesterol acetate, cholestenone, 38-ace- 
toxy-A-5-etiocholenic acid, 3-8-oxy-A-5-etiocholenic 
acid, methyl ester of the acetoxyetiocholenic acid, 
estrone, estradiol, progesterone, methyltestosterone, 
pregnenolone, and hecogenin. 

The extractions with ether or suitable solvents have 
always given the same quantity by weight of the sub- 
staves which were put into the culture at the begin- 
ning of the experiment or else it gave somewhat greater 
(ua:itities, due to some of the impurities which could 
he extracted from the same microorganisms. 


TABLE 11. Androstenedione degradation by Flavobacterium 


sewanense in different media 
Medium 


Saline plus 
asparaginet 


Saline* 
Grams androstenedione employed 0.1809 0. 1664 
0.0435 0.1276 
75.56 23 .32 
17 


2C Ww2C 


Grams androstenedione extracted 
Per cent of initial sterol utilized 
Mp of extracted sterolf 


* Initial pH, 6.8. 
t pH at extraction, 8.2. 


t Mp of androstenedione employed, 172 C. 


TABLE 12. Digitogenin utilized by Flavobacterium sewanense 
with different substrate concentration 


Digitogenin Added 
O.1 percent 0.03 per cent 
Grams digitogenin employed 0.2050 0.0916 


Grams digitogenin extracted. 0.1521 0.0596 
Per cent utilized 25.81 34.94 


The microorganisms, on the other hand, showed a 
more or less intense degradation of the following sub- 
stances: Desoxycorticosterone and desoxycorticosterone 
acetate, androstenedione, dehydroandrostenedione, 
digitogenin, gitogenin, and tigogenin. The degree of 
this utilization varied with the substances and was par- 
ticularly marked if the medium used contained the 
sterol as sole source of carbon. The pH was always un- 
altered at the end of the experiment. The data relating 
to the attack of one of the substances mentioned are 
reported in table 11. 

In some cases, the degree of utilization varied with 
the initial quantity of the substance added (table 12). 
The intermediate products of the sterols studied in the 
culture liquids have not been determined. 


MiIcrOBIAL OXIDATION OF DESOXYCORTICOSTERONE 

The desoxycorticosterone acetate was subjected 
(Arnaudi and Schiesser, 1953) to the action of a non- 
spore-forming Schizomycete (strain I Km) isolated 
from soil and whose systematic position is uncertain 
but with characteristics between the genus Nocardia 
and Corynebacterium; and also of a strain of Rhizopus 
delemar from the collection of this Institute. For the ex- 
periments with the Schizomycete two saline solutions 
have been employed; one with asparagine at 0.3 per 
cent and the other with asparagine at 0.025 per cent. 
The desoxycorticosterone acetate was added in the 
form of a powder at the moment of inoculation, in a 
concentration of about 0.1 per cent. The oxidation was 
done in 1-liter Kolle bottles containing 200 ml liquid, 
in order to obtain a very large surface in contact with 
air. The time of the incubation at 30 C varied in the 
experiments between 4 and 9 days. In the presence of 
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the sterol the Schizomycete gave two forms (1 Kr and 
1 Ke) which were tested separately. 

From the chromatograms, on neutralized alumina of 
the ether extracts of the strains which developed on a 
medium rich in asparagine, was obtained a first fraction 
consisting of desoxycorticosterone acetate (eluant ben- 
zene), mp 153-155 C; a second fraction contained a 
transformation product of the same (eluant, chloro- 
form) with mp of 147-152 C (mp of the mixture with 
desoxyacetate = 125-130 C). This fraction, obtained 
in nine experiments, ranged from 10 to 20 per cent. 
From the chromatogram of the ether extracts of the 
cultures in media containing small amounts of aspara- 
gine, there was obtained only a small quantity of des- 
oxycorticosterone acetate, which probably was _ not 
utilized by the microorganisms. 

The first of the two above mentioned media at pH 
5.0 was used for the experiments with Rhizopus delemar. 
The sterol dissolved in acetone was added to cultures 
after 48 hours. Incubation was 20-30 days. A first frae- 
tion of unaltered desoxycorticosterone acetate, mp 
152-156 C (eluant benzene), was obtained by chromo- 
tography of the ether extracts and a second fraction 
(eluant chloroform-methanol 50 per cent) was obtained 
with mp 205-210 C. Under the same conditions from 
the chromatograms of the ether extracts of the cultures 
in the same medium containing desoxycorticosterone 
only, there was obtained a first fraction with mp 140- 
142 C (unaltered desoxycorticosterone) and a second 
fraction (eluant chloroform-methanol) with mp 205 
207 C. The two compounds are now being identified, 
nevertheless, on the basis of their mp, and because the 
acetate compound and the nonacetate one have the 


same mp, it is possible that we are dealing with 17- 


hydroxycorticosterone (Mason, 1950). 


OXIDATION OF HyDROCARBONS 


Microorganisms belonging to the same or to very 
similar genera, but having marked oxidative activities, 
are being tested in the Institute. The experiments are 
either made with benzoic acid, some phenols (Treccani 
Benetti and Schiesser, 1949a, b; 1950) naphthalene 
(Treceani, 1953) or with aliphatic 
(Treeeani and Canonica, 1953). Particularly interest- 
ing is the study of the microbial oxidation of aliphatic 
hydrocarbons obtained by chemical synthesis. The 


hydrocarbons 


microorganism employed was probably a Corynebacte- 
rium, which is able to attack in nutrient solutions with- 
out any other source of carbon, the aliphatic hydrocar- 
bons between n-undecane (Cy) and n-octacosane 
(Cos). 

The aromatic compounds tested were not utilized by 
this microorganism. 

The intermediate metabolic products are saturated 
fatty acids with normal chains; among them it was pos- 
sible to identify, by means of paper chromatography, 


acetic and capronic acids and a mixture of fatty aci: 
with a number of carbon atoms greater than 8. Oy 
dative attack of naphthalene was obtained with 4 
Schizomycete (probably a Nocardia) isolated from 4 
petroleum soil. It has been possible, with the cultu: 
conditions employed, to demonstrate the formation 
salicylic acid during the oxidation but not the forn 
tion of 1:2-dihydro-1-2-dihydroxynaphthalene, cai 
chol, benzoic acid, ketoadipic acid, a-naphthol, a: ¢ 
phenol. 


SUMMARY 


Having mentioned the investigations which wee 
conducted on oxidations of sterols of the sex hormo je 
series in the Institute, the most recent studies on ch. 
lesterol and derived substances are reported. 

The experiments on the microbial degradation of 
sterols showed the ability of a species of Flavobactertiwn, 
F’. maris to oxidize cholesterol to A-4-cholestenone 1 
variable degrees, according to the environmen: a! 
conditions, and the composition of the medium in 
which the microbial attack takes place and the culture 
employed for maintaining the strain. 

The ability of three other strains, still of an uncert:in 
systematic position, to attack cholesterol, cholestenoie, 
and acetylcholesterol was also shown. During thie 
degradation of cholesterol, two of these strains give 
cholestenone in quantities which are dependent on the 
presence or absence in the medium of easily metab- 
olized substances. The data suggest that the cholesie- 
none is, for the most part, an intermediate product of 
the microbial attack. The cholesterol which disappeared 
from the medium is partially mineralized with prodwc- 
tion of CO», and utilized for cell synthesis. 

Two strains isolated from enriched cultures and incu- 
bated at 30 and 40 C are able to attack the digitonin. 
The first, identified as Bacillus macerans Schardineer, 
released by means of hydrolytic action the digitogenin 
which is combined with the digitonin present in ‘he 
culture, forming an insoluble compound which is no 
longer degradable. The second strain, identified as 
Flavobacterium sewanense, has the same activity but can 
also degrade the sterol portion of the molecule. 

The same Flavobacterium sewanense has the abi'it) 
to attack some sterol substances of different natire, 
while it is completely inactive on other substances. 

Another strain, still uncertain in its systematic po- 
sition, produced during the breakdown of desoxye« 'ti- 
costerone acetate, in a mineral medium contai! ing 
asparagine, a compound the identification of whic : is 
still in progress. 

Rhizopus delemar, growing on the desoxycortic« -te- 
rone acetate in asparagine-containing medium, _ ro- 


duced a compound with mp 205-210 C. A subst. ice 


with mp = 205-207 C is also obtained by the actic . 0! 
the same fungus on desoxycorticosterone only; this at 
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MICROBIOLOGICAL DEGRADATION OF STEROLS 


susgests that we are dealing with 17-hydroxycorticos- 
tevone. The identification of the compounds is still in 
progress. 

n the field of bio-oxidations, as a supplement to the 
microbial activities on sterols, more microorganisms 
he onging to the same kinds or to related ones are being 
te-ted for their action on aliphatic hydrocarbons and 
ar matic compounds. The microorganisms show oxida- 
ticn of aliphatic hydrocarbons between n-undecane (Cj)) 
an 1 n-octacosane (Cos), with formation of mixtures of 
or-anie acids containing a different number of carbon 
atoms. 


(he attack on naphthalene gives rise to salicylic acid. 
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From time to time the streptococcus index has been 
considered as a substitute for or supplement to the coli- 
form index for judging pollution in water, shellfish, soil 
and other substrates. The results of the older studies 
are well reviewed by Prescott, Winslow and McCrady 
(1946). In 1950, Mallmann and Seligmann found 
Rothe’s sodium azide broth to be superior to other 
media which they tested for the detection of strepto- 
cocci in water and sewage. Litsky, Mallmann and 
Fifield (1953) proposed a new medium for the detection 
of enterococci in water, a medium which was used by 
Litsky, Rosenbaum and France (1953) in a study of the 
comparative numbers of coliform bacteria and entero- 
cocci in raw sewage. Mallmann and Litsky (1951) found 
enterococci to be good indicators of the public health 
hazard from sewage on soils and on vegetables. Using 
the method of Winter and Sandholzer (1946) for the 
detection Leininger and MceClesky 
(1953) observed the difference between relatively clean 
and recently polluted surface water to be more strik- 
ingly shown by the enterococci than by the coliform 
test. 

In this study we have determined the most probable 
number (MPN) of coliforms and of streptococci on a 
series of samples from wells of Fayette County, Ken- 
tucky, and have attempted to evaluate the two tests 
for judging the presence or absence and extent of pollu- 
tion in the wells. Since the detection of pollution in 
stored samples is such an important problem in Ken- 
tucky and in other states where many samples that 
come to central laboratories have not been refrigerated 
and delivered promptly according to Standard Methods 
provisions, duplicates of all samples were held at room 
temperature for 24 hours before examination. It was 
thought possible that the factor or factors that cause 
the coliform count to rise or fall in stored samples might 
not affect the streptococcus index or might affect it to 
a lesser degree. 


of enterococci, 


MetrHops 

Duplicate samples were collected from 52 wells in 
4-0z wide-mouth, ground-glass-stoppered bottles. The 
wells included dug, drilled and driven wells, equipped 
with electric pumps, hand pumps or buckets. The na- 
ture, distance and direction of sources of possible pollu- 
tion, the possibility of surface drainage water entering 
the well, and other items of interest in connection with 
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‘ach well were recorded. The samples were immediat: |y 
packed in ice for transportation to the laboratory. © \¢ 
of each pair of samples was examined as soon as possi |e 
(always within 6 hours) and the duplicate was stored «t 
room temperature in the dark for 24 hours before it \ as 
examined. 

The MPN of coliform organisms was determin«d 
according to the ninth edition of Standard Methods | or 
the Examination of Water and Sewage (A. P. H. A. 194) 
using lactose broth in the presumptive test, brilli:it 
green bile broth in the confirmatory test and eosin 
methylene blue agar in the completed test. In the pre- 
sumptive test, 10-ml and 1-ml portions of water and 
l-m] amounts of 1 to 10 and 1 to 100 dilutions were 
planted in the lactose broth in quintuplicate. All posi- 
tive and doubtful presumptive tests were confirmed 
and completed tests were always performed. 

The MPN of streptococci was determined by ihe 
method described by Mallman and Seligmann (1950). 
In all except the first 15 samples, the same size portions 
were used as in the determination of the MPN of coli- 
form organisms; in the first 15 samples, portions from 
the 1 to 100 dilution were not examined. The formula 
for Rothe’s medium as published in the paper of Maill- 
mann and Seligmann was used. After the completion of 
the work it was discovered that due to a typographical 
error in Mallmann and Seligmann’s paper the perceut- 
ages of dextrose and sodium chloride used in the medium 
were twice the percentages recommended by Rothe. It 
is not known if this influenced the results obtained. \!! 
positive results in Rothe’s medium (turbidity) were 
confirmed by examination of gram-stained prep:ra- 
tions from the sediment for chains of four or more cocci. 

RESULTS 

The coliform and streptococcus indices of all samples 
are shown in table 1. In a few cases the range of siz« ol 
portions was not adequate to give an accurate MP 

If the presence or absence of pollution is judged by 
the presence or absence of coliforms and of streptoc ci 
in the samples that were examined immediately, a \ ery 
close agreement in results is evident. Thirty-nine \ ere 
positive for both coliforms and streptococci, four \ ere 
negative for both, six were positive for coliforms «ily 
and three were positive for streptococci only. All -lis- 
crepancies were with samples that showed low rang: - of 
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Coliforms 


Sample 17 


9 


0 


0 

79 

> 16000 
2400 


4. 
4: 


130 
1700 


é.e 


49 
9200 
23 
13 
2400 
2400 
250 
2 
1300 
490 
Ww) 

79 


‘ 


*D = Dug; Dd = 
Pump; H = Hand Pump; B = Bucket; N = No lift. 


+ Sample 1. Examined immediately. 


0 
5400 
690 
720 
11 
3500 
920 
1100 
33 

> 1600 
790 
240 
0 
350 
130 
110 

0 

0 

0 

79 

> 16000 
16000 
0 


> 1600 
2 
23 
0 
0 
0 


17 


6.8 


790 
> 16000 
0 


4.% 


0 
23 


790 


4 
> 16000 


6.8 


2 
310 
460 

3500 


7.8 


Drilled; Dn 


Sample 2 


re 


probable number of coliforms and streptococci 


Streptococci 


Sample 1 


0 

1600 
530 
1600 
79 

> 1600 
540 

> 1600 
0 

> 1600 
> 1600 
540 

> 1600 
350 

6. 

920 


3500 
9200 


0 

> 16000 
33 

49 

240 

490 

> 16000 
4 

33 

140 

11 

170 

32 


Driven; E 


Sample 2 


0 
540 
430 
280 

49 
1600 
350 
920 
0 
1600 
1600 


13 


Electric 


{Sample 2. Examined after storage for 24 hours at room 


temperature. 


have been responsible for all of them. 
Surprisingly the numbers of coliforms and strepto- 


pollition and chance distribution of organisms may 


cocci in the samples that were examined immediately 
appear to be roughly identical. Of 46 samples on which 
comparisons could be made, 23 contained more coli- 
forms than streptococci, 22 contained more streptococci, 
and 1 contained an equal number. In other studies 
(Lattanzi and Mood, 1951; Leininger and McClesky, 
1953; Litsky, Rosenbaum and France, 1953) the num- 
bers of streptococci have been found to be much less 
than those of coliforms in sewage and in polluted water, 
but the procedures used were such as to limit the test 
to the enterococci. 

The effects of storage of samples at room temperature 
for 24 hours can be judged on the basis of the samples 
from 37 of the wells. The other 15 must be eliminated, 
either because positive tests were not obtained for both 
streptococci and coliforms or because the dilutions used 
in one or both of the tests were inadequate to show the 
true numbers present. 

In accordance with the results of previous investiga- 
tors (Savage and Wood, 1917; Leininger and MeClesky, 
1953), it appears to be doubtful if the streptococci ever 
grew in the stored samples. In only four cases was the 
MPN of streptococci higher in the stored sample. In 
each case the amount was not significantly beyond that 
which could be expected from chance distribution of 
organisms. In the majority of samples the numbers de- 
creased. 

The change in MPN of coliform organisms was less 
predictable. With samples from 12 wells it increased, in 
several instances by large amounts, for example, from 
2400 to 16,000 in the sample from well 22, from 330 to 
16,000 in the sample from well 33, and from 250 to 3500 
in the sample from well 46. In the majority of cases, 
however, there was a definite decrease upon storage of 
the sample. The results are similar to those of the Public 
Health Laboratory Service Water Subcommittee (1952) 
who obtained a significant increase in 23 and a signifi- 
cant decrease in 29 of 151 samples stored at room tem- 
perature for 20 to 24 hours. Allen, Pasley, and Pierce 
(1952), working with pure cultures and buffer solutions, 
found that Bacterium coli would grow upon the addition 
of a very small amount of organic matter, while Strep- 
tococcus faecalis required a much higher concentration 
of nutrient. 

The most significant effects of storage are shown when 
negative results are obtained with the stored samples. 
Negative tests for both coliforms and streptococci were 
obtained on samples from six wells although the sam- 
ples from the same wells tested without storage had 
given positive results. In the case of the samples from 
wells 13, 49 and 51, the MPN values had been high in 
the unstored samples. It appears that some factor or 
factors in the samples were responsible for the rapid 
disappearance of index organisms and that the factor or 
factors had similar effects on the coliforms and the 
streptococci. Only with the sample from well 48 was 
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there a discrepancy, the coliforms disappearing from 
the stored sample although the streptococci did not. 

The high degree of pollution shown by the wells used 
in this study is due to the fact that the county is a lime- 
stone region so that there is an almost constant pollu- 
tion of the ‘ground water’’, and to the poor construc- 
tion of many of the wells. In the majority of cases the 
higher numbers of coliforms and streptococci appear to 
have been due to poor construction. The index organ- 
isms appeared to show this equally well. Taking 
arbitrarily a MPN of 100 as indicative of heavy pollu- 
tion, 10 as indicative of light pollution and less than 10 
as indicative of very light or nonexistent pollution, the 
coliform test showed 9 of the drilled wells to be heavily 
polluted, 7 to be lightly polluted and 15 to be very 
lightly polluted or unpolluted. The corresponding 
figures for the streptococcus test were 8, 7 and 16. Both 
tests showed 14 of the dug wells to be heavily polluted, 
1 to be lightly polluted and 1 to be very lightly polluted 
or unpolluted. Likewise the coliform test showed 11 of 
the wells with electric or hand pumps to be heavily 
polluted, 8 to be lightly polluted and 18 to be very 
lightly polluted or unpolluted. The corresponding fig- 
ures for the streptococcus test are 10, 7 and 20. Both 
tests showed 12 wells with buckets to be heavily pol- 
luted and 1 to be lightly polluted. 

DIscUSSION 

From the results of this study it would appear that 
the coliforms and the streptococci have almost equal 
value as indices of pollution of well waters. The results 
with the coliform and streptococcus tests were almost 
as similar as could have been expected from duplicate 
determinations with the same test. Both tests gave re- 
sults which correlated well with expectations due to 
what was known of the location and construction of the 
different wells. 

On stored samples, the streptococcus test appeared 
to be slightly more reliable than the coliform test when 
it was judged quantitatively, since the numbers of 
streptococci never increased significantly. The tests 
were equally subject to yielding false negatives on stored 
samples. 

Everything else being equal, the streptococcus test 
would be preferable, due to the smaller amount of time 
and materials required for performing the test. 

While a test for enterococci rather than for a broader 
segment of the streptococcus group might be a more 
specific test for intestinal pollution, it would have the 
disadvantage of giving smaller numbers of test organ- 
isms, so that smaller amounts of pollution would be 
more difficult to detect. Most of the streptococci such 
as are detected by the procedure used in this study are 
of animal origin and certainly the presence of strepto- 
cocci in well water is indicative of the entrance of surface 
water or of water that has been inadequately filtered 


through the soil. Such entrance of surface water 
potentially dangerous whether it does or does not co 
tain significant amounts of intestinal pollution at a 
particular time. 


SUMMARY 

Duplicate samples were collected from 52 wells 
Fayette County, Kentucky, iced, and taken imme: 
ately to the laboratory. The MPN values for colifor ) 
organisms and streptococci were determined on one 
each pair of samples at once and on the other after | | 
hours storage at room temperature. 

The numbers of coliforms and streptococci in te 
well waters were found to be, on the average, identic 
The coliforms and the streptococci were found to be i 
equal value as index organisms for detecting the pr 
ence, absence, or extent of pollution in freshly collect d 
well-water samples. Both tests gave results which 
correlated well with what was known of the locati 
and construction of the wells from which the samp!-s 
came. 

For the examination of the stored samples, the test 
for streptococci appeared to be slightly superior, since 


the numbers of streptococci never increased in the sam- 
ple, while the numbers of coliforms might either incresse 
or decrease. When coliforms or streptococci disappeared 


from the stored sample the other did likewise, so that a 
false negative would be obtained with a test for eithe 

The test for streptococci requires less time and mate- 
rials than the test for coliforms. 
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his study was initiated to find a strain or strains of 
teria that would synthesize fair amounts of simple 
An examination of the literature revealed that 
daa are meager and inconclusive on the quantity and 
types of fats produced by bacteria. This may be due in 
part to the small amounts found in most of these 
microorganisms. Since bacteria may be useful tools for 
the study of the mechanism of fat synthesis, it is essen- 
tia! first to find strains that will produce relatively large 
quantities. This is a report of the results obtained with 
a screening procedure designed to select organisms that 
would synthesize large quantities of fatty acids, and of 
the vield and kinds of these acids produced by the 
organisms selected. 


EXPERIMENTAL PROCEDURES 


The screening procedure used was based on the 
premise that acetate is an intermediate in fatty acid 
svithesis. Accordingly, we reasoned that the utilization 
of the acetate ion might be used to detect organisms 
capable of synthesizing fat. Each culture to be screened 
was therefore inoculated into a series of tubes contain- 
ing varying concentrations of acetic acid in 10 ml of 2 
per cent peptone water. Growth with an appreciable 
rise in pH was relied upon to indicate which organisms 
could utilize the acetate ion. In these experiments, all 
organisms that were not inhibited by acetic acid showed 
the greatest change in pH when 0.01 N acetic acid was 
used in a 2 per cent peptone medium, therefore, data 
obtained with this concentration have been selected for 
publication and are shown in table 1. 

robacter cloacae exhibited the greatest rise in pH, 
ertchia coli var. communior an intermediate change, 
Bacillus terminalis no growth or rise. Similar 
ts were obtained with these three organisms when 
im acetate was substituted for acetic acid, although 
‘1H rise was less distinct. 

» study the extent of fat synthesis, each of these 


his is a portion of the material the senior author pre- 


sent. 


las a thesis for the partial fulfilment of her Ph.D. at the 
Univ -rsity of Minnesota. 


three bacteria was grown in a 6-liter Erlenmeyer flask 
containing 4.5 liters of medium. Four basal media were 
used: a) plain 2 per cent peptone, b) 2 per cent peptone 
and 0.5 per cent glucose, ¢) 2 per cent peptone and 3 per 
cent glycerol, and d) 2 percent peptone, 0.5 percent glu- 
cose, 3 per cent glycerol. Following inoculation, the flasks 
were incubated for 4 days at 37 C. The microorganisms 
were then harvested by precipitation with Standard 
Activated Alum.2 Ten to 15 grams of the alum were 
added and the flasks shaken vigorously. An amount 
ranging from 10-15 ml of sodium hydroxide was found 
sufficient to give a maximum alum flock, which oc- 
curred at a pH of between 7.3 and 8.0. The flasks were 
then allowed to stand until a compact sludge formed at 
the bottom and a clear supernate at the top. The 
supernate which was practically free from bacteria was 
siphoned off and discarded. 

The residual sludge was transferrea to 250 ml centri- 
fuge cups and centrifuged at 2,000 rpm in an Inter- 
national centrifuge and the resulting supernatant fluid 
again discarded. In order to dissolve the alum, the 
sludge was suspended in 2 per cent HCl and allowed to 
stand over night, then washed and centrifuged three 
times with the same concentration of HCl. The final 
sediment obtained consisted principally of bacterial 
cells barvested from the medium. 

The packed cells were then hydrolyzed in 2. per 
cent HCl at about 100 C for 4 hours, after which the 
hydrolysate was divided into approximately two equal 
portions and poured onto filter papers placed in watch 
glasses and allowed to dry at room temperature. When 
dry, the filter papers and their contents were placed in 
ether-extracted, nitrogen-free, seamless Soxhlet ex- 
traction thimbles, size 25 x 80 mm, from which the 
fat was then extracted as shown later. The protein 
present was determined by the Kjeldahl method (N xX 
6.25) by digesting the thimbles and their entire con- 
tents. This enabled us to relate the yield of fat to the 

2 Activated Alum Sales Corporation, Baltimore, Maryland. 


3W. R. Balston, Ltd. (Genuine Whatman) extraction 
thimbles. 
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TABLE 1. Change of pH brought about by growth of various 
organisms in medium containing 2 per cent peptone and 

0.01 N acetic acid* 

Organism Final pH Change 


Aerobacter cloacae 


we 


.28 
19 
.74 
34 
.32 
11 


Micrococcus pyogenes var. aureus 9.83 


387 
28 
&3 
43 
41 
20 
92 
49 
.26 
Proteus morganiti 5.85 94 
33 49 
23 .32 
23 .o2 
02 ae 
96 

91 

91 


Aerobacter aerogenes 


os 


Salmonella paratyphi B 
Bacillus indicus 
Bacillus tumescens 
Salmonella typhosa 


Escherichia coli var. communior ».70 


—e ee DOM Nh hw & 


Escherichia coli var. communis 9.17 


oS 


Shigella paradysenteriae Flexner 
Alcaligenes faecalis 


ro 


Pseudomonas aeruginosa 


oS 


v 


Serratia marcescens 


i] 


Proteus vulgaris 
Acetobacter rylinum 
Bacillus terminalis 


— oe te 


* Initial pH 4.91. 


amount of protein present. In separate experiments, 
where cells were harvested by centrifuging directly, it 
was found that the protein content was approximately 
70 per cent of the dry weight of the cells. 

In fat extraction the choice of solvent is of utmost 
importance. We used petroleum ether because Jamie- 
son (1943) stated that petroleum ether is a_ better 
selective solvent for the true fats than other solvents. 
Larson and Larson (1922) found that other solvents 
extracted most of the lipids as well as other substances 
and therefore gave higher yields. 

Each of the two portions obtained from one experi- 
ment was extracted separately by continuous extrac- 
tion with petroleum ether for 24 hours in a Soxhlet 
extraction apparatus’ on a steam bath. The rate of 
extraction was adjusted so that the extractor emptied 
about every 10 to 12 minutes. After 24 hours, the excess 
petroleum ether was removed from the fat by distilla- 
tion. The fats were then dried to constant weight. 

A. cloacae was the only organism that gave a sufficient 
yield to permit analysis® of the fat. For this purpose 
the combined fats from several experiments were 
dissolved in petroleum ether, filtered, the residue dis- 
‘arded, and the recovered material dried. The total 
yield of fat thus recovered was 6.22 grams (100 per 
cent). Upon saponification a quantity of 5.775 grams 
of fatty acids was recovered (92.8 per cent). The 
unsaponifiable fraction weighed 0.3503 gram (5.6 per 
cent). 

The quantity of fat available for study was so small 
that with the equipment on hand it was impractical 


4 Size flask 150 ml s.t. 24/40, extractor and condenser s.t. 
35/45 Kimble brand. 


5 Grateful acknowledgment to Hormel Institute, Austin, 


Minnesota, for the use of its facilities. 


TABLE 2. Yield of fat for three species of bacteria in 
different media 
Escheri 


coli v 
commits 


Bacillus 


Medium Aerobacter cloacae 
terminalis 


Average ratio 

Pe otal fz Average 
p Pei taaat tal fat to Average 
tone protein 
(N X 6.25 


Average ratio Average 
total fat to total fa 
per cent fat protein prote 
(N X 6.25 (N X € 


per 


cent per cent percent ratio per cent ratio ratt 


.130 9.10 0.035 0.06 
.138 9.66 0.037 0.04: 
1438 10.01 0.073 0.036 
.205 14.35 0.035 0 .05t 
.120 8.40 
104 7.28 
161 11.27 
.215 05 
.165 11.55 
200 14.00 
.176 12.32 
194 13.58 
.137 9.59 


* 


+ 


NONNWNWNW NWN NW WNW DW WN WW WO 


* Aerated. 


t One per cent yeast extract added. 


TaBLe 3. Analytical results on the fats of Aerobacter clo 


Carbon Atoms in 


3 Boiling Range Fatty Acids Fat 
Chain No. 


Fraction of Methyl Esters in Distillate! Ac 


centigrade grams pe 


10 Up to 92* 0.100 

12 92-116 0.250 

14 116-139 0.735 

16 139-156 3.443 

18 156-178 .5 .725 

6 20 178 .5-192.5 .030 
Residue More than 20 . 223 


Total Baie 5.506 100. 


* Temperature of the cut is midway between the boi 
points of the two adjacent methyl esters as suggested 
Weitkamp (1947). 


to subject this material to direct fractional distillat 
In order to accomplish fractionation we there 
converted the fatty acids to methyl esters, obtai: 
5.985 grams of the esters. These were then adde 
200 grams of Eureka White Oil®. The resulting mix 
was fractionated in a Podbielniak column at 2 m1 
such a manner that the even chain fatty acids 
separated into their component fractions. The p 
dure followed the amplified distillation method as 
described by Weitkamp (1947). 

Following distillation each fraction was saponi ied. 
The resulting soaps were separated from the miiral 


oil by a procedure essentially the same as that of \\ eit- 
kamp, Smiljanic, and Rothman (1947). The free | tty 
acids were then recovered from the soap solution 1: the 


usual way. 


® Standard Oil Company, Indiana. 


these 
fat. ‘T 
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gly ce 
In 
fat ok 
It 
tract 
5.6 p 
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EXPERIMENTAL RESULTS 


‘rom the screening tests A. cloacae was selected as an 
anism that might synthesize considerable fat with 
coli var. communior and B. terminalis as organisms 
oid of this ability. Each of these organisms was then 
ted for its ability to synthesize fats in accordance 
h the procedures described above. The data ob- 
ned are given in table 2. 
From the data in table 2 it is apparent that A. 
wae produces on the average more fat when grown in 
’ per cent peptone medium containing both glycerol 
| glucose than when either or both of these are 
ssing. The ratio of fat to protein produced varies 
m 0.104 to 0.215. In a single experiment, a ratio of 
83 fat to protein (N X 6.25) was obtained, or the 
iivalent of 19.8 per cent fat based on a dry weight of 
anism assuming a 70 per cent protein content. These 
resent much higher yields of fat than have been 
orted for bacteria with the exception of Myco- 
‘terium. 
\eration or the addition of yeast extract stimulated 
erowth of the cells but did not’ increase the absolute 
nount of fat produced. 
fable 2 also contains the data obtained with B. 
minalis and FE. coli var. communior. It is clear from 
these data that these organisms do not synthesize much 
fat. The maximum ratio of fat to protein produced by 
them was 0.073. Also, with these organisms glucose and 
glycerol had no appreciable effect on fat synthesis. 
In table 3 are given the results of the analysis of the 
fat obtained from A. cloacae. 
It is apparent that practically all of the lipids ex- 
tracted from the organism were true fats, since only 
5.6 per cent was unsaponifiable. The fatty acids con- 
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tained in general from 12 to 18 carbon atoms; however, 
the largest per cent fell in the 16-carbon chain fraction. 


SUMMARY 


It would appear from our results that the utilization 
of the acetate ion is a satisfactory method for the 
screening of organisms that can synthesize fats. 

In these experiments, Aerobacter cloacae produces its 
maximum average yield of fat in a 2 per cent peptone 
medium containing both glycerol and glucose (a ratio 
of 0.215 fat to protein (NX 6.25), or the equivalent 
of 15.1 per cent fat as based on the dried weight when 
the protein content is considered 70 per cent). This is a 
much higher percentage yield of fat for bacteria, with 
the exception of Mycobacterium, than has heretofore 
been reported in the literature. 

Of the total fat, 92.8 per cent were fatty acids, and 
most of the fatty acids (62.5 per cent) were contained 
in the C16 fraction. 

Bacillus terminalis and Escherichia coli var. communior 
produced a maximum average ratio of fat to protein of 
0.073. 
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The present paper deals with an experimental study 
of the metabolic behavior of Streptomyces aureofaciens' 
grown in laboratory fermentors. 


EXPERIMENTAL METHODS 


Standard fermentations were performed as follows: 
A spore suspension was inoculated into 3 L of the 
following medium: sucrose, 3 per cent; corn steep 
liquor, 1 per cent; molasses, 0.1 per cent; NaCl, 0.05 
per cent; and CaCQs;, 0.4 per cent. The fermentations 
were carried out at 27 C in 5-L fermentors (Bartholo- 
mew, Karow and Sfat, 1950). 

After 36 hours, 100 ml of the culture fluid was trans- 
ferred into three liters of the fermentation standard 
medium (U.S. Patent 1952): sucrose, 3 per cent; corn 
steep, 1 per cent; CaCQOs;, 1 per cent; (NH4)2 SO, 0.2 
per cent) and incubated in a 5-L fermentor at 27 C. 

Media were sterilized at 120 C for 60 minutes; the 
sucrose was separately sterilized. 

Aliquots were taken from the fermentors at. suitable 
intervals of time and the following assays were per- 
formed: 

1. Weight of mycelium: 5 or 10 ml were acidified 
with HCl in order to dissolve the calcium salts, then 
filtered; the washed mycelium was dried and weighed. 

2. Protein nitrogen: 5 or 10 ml of the sample were 
made up to 10 per cent with trichloroacetic acid (TCA) 
and spun. After washing the sediment with 10 per 
cent TCA, nitrogen was determined according to the 
Kjeldahl method. 

3. Nucleic acids: Pentose nucleic acid (RNA) and 
desoxypentose nucleic acid (DNA) contents were 
estimated, according to Ogur and Rosen (1950), in 1 or 
2 ml of the sample. Histochemical researches, which 
will be published elsewhere, gave evidence that Ogur and 
Rosen’s method for separation and extraction of nucleic 
acids may be used for Streptomyces (T. Scotti and P. 
Zocchi, personal communication). The nucleic acids 
were spectrophotometrically estimated. The inter- 
ference of the chlortetracycline was totally eliminated 
by ethanol and 0.2 Nn perchloric acid washings before 
the nucleic acids extraction. In the first experiments, 

1A strain of S. aureofaciens from the collection of the 
Farmitalia Research Laboratories, Milano, Italy, was em- 
ployed in these studies. 


determinations of total phosphorus have been p:: 
formed on the extracts containing nucleic acids; 1 \ 
nucleic acid amounts calculated from phosphorus ass: \’s 
and from absorption spectra were found to agree. 

4. Determination of pH (glass electrode). 

5. Determination of sucrose in medium by 
method of Schaffer and Somogyi (1933). The obtaii 
data are too high, but more reliable than those fou 
by anthrone methods. 

6. Determination of total nitrogen by the method 
Kjeldahl and of NH; nitrogen by the method of R 
naud (1948) in the culture fluid. 

7. Determination of lactic acid by the method 
Barker and Summerson (1941) and of pyruvic acid 
the method of Friedemann and Haugen (1943) in the 
culture fluid.” 

8. Detection of organic acids by paper chromia- 
tography with the solvents used by Cheftel, Municr, 
and Macheboeuf (1952). 

9. Chlortetracycline by spectrophotometric deter- 
mination (Van Dyck and De Somer, 1952). 


RESULTS 
Fermentation in Standard Medium 


Mycelium growth, carbohydrate, and nitrogen uplal 
The typical features of a fermentation in standard 
medium are shown in figures | and 2. The myceliim 
growth, whjch is rapid within the first 24 hours, be- 
comes very slow from 24 to 48 hours. The sucrose \ip- 
take is negligible within the first 12 hours. In that 
period of time the NH; in culture fluid increases. It may 
be assumed that at the beginning of growth some sub- 
stances (that is, aminoacids) are deaminized and _ iti 
lized as carbon source by the Streptomyces (a- 1 
happens for the Penicillium). Later on the sugar is 1:ore 
rapidly utilized; 48 hours after inoculation the mec um 
is depleted of carbohydrate. Ammonia is rapidly as» mi- 
lated within 12 and 24 hours, so that the myce um 
from 24 hours on develops in a medium still ric in 
sugar but very poor in available nitrogen. 

The changes of total soluble nitrogen and amm nia 
nitrogen during the growth of S. aureofacien: are 
shown in figure 4. During the first 12 hours amn_ a 


nitrogen slightly increases while total nitroge: de- 
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mold composition throughout the experiment shown in 
figures 3, 4, and 5. 





pH Changes; organic acids in culture fluid. Figures | 
and 4 show the typical behavior of pH which increases 
during the deamination and decreases during sucrose 
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iG. 1. Chemical changes during fermentation of 
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Proteins and nucleic acids synthesis.2, Synthesized 

proteins generally reach a maximum at 24 or 36 hours PO 7 
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and later often show a more or less rapid decrease coe Sia ad 

Fic. 4. Chemical changes during fermentation in standard 


(figure 2). In an experiment showing a lower growth 
medium. 


rate, the protein decrease was not observed within 48 
hours (figures 3, 4, and 5). An increase of total nitrogen 
in the medium corresponding to the protein nitrogen 





decrease of mycelium has never been observed. Ribo- 
nucleic acid (RNA) reached a maximum at 24 or 36 
hours (figure 3). An RNA decrease generally takes 
place about 12 hours before that of protein nitrogen. 
Desoxyribonucleic acid (DNA) is the most stable 
component of mycelium. The DNA/ protein N ratios 
remain fairly unaltered during the protein synthesis. 
Composition of mycelium. According to what has 
been said above it is easily understood that the com- 
position of mycelium at 48 hours is greatly different yA 
from that at 12 to 24 hours. Table 1 summarizes the 12 94 36 43 60 
TIME , HOURS 
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*Ii the figures, protein nitrogen and nucleic acids amounts 
are reported in mg/ml culture fluid and are not related to Fic. 5. Growth, synthesis of proteins and of chlortetracy- 
mycel um weight. cline in standard medium. 
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TaBLE 1. Composition of Streptomyces aureofaciens 
mycelium at different incubation times 


Hours Protein N RNA 


9. 
8. 6.25 
48 6.15 2. 


Values are calculated as per cent of dry weight. 


and ammonia uptake. It generally increases more or 
less rapidly after 48 hours of fermentation. Paper 
chromatography shows that no organic acid synthesis 
occurs during mycelial growth; at 48 hours a small 
amount of pyruvic acid is found in the culture fluid. It 
has been shown, on the contrary, that the lactic acid of 
the medium is partially metabolized. At any rate, the 
NH, ions consumption alone may justify the pH 
decrease. 

Chlortetracycline synthesis. Figures 2 and 5 show that 
the antibiotic synthesis begins when a certain amount 
of mycelium has grown and goes on also during the 
slow growth phase; it stops when the medium is de- 
pleted of sucrose. 

Morpholégical changes of mycelium. During the 
fermentation a change occurs not orly in chemical 
composition of mycelium but also in its morphological 
features, as may be seen in preparations stained by 
Giemsa method. In fact, while in the beginning the 
hyphae are uniform in diameter and rich in basophilic 
substances, at the end of the fermentation several 
enlarged hyphae rich in basophilic granules are seen, 
surrounded by very thin hyphae in which little baso- 
philic granules are present. 


Effect of Changes in Medium Composition During 
Fermentation 


Addition of Phosphate 


By the addition of K.»HPO, (0.3 per cent or more) to 
the standard medium, all the biochemical features of 
the fermentation are changed. The antibiotic produc- 
tion greatly decreases as is shown in figure 6. (In the 
course of the paper standard medium will be indicated 
by “S Medium’, phosphate-added medium by “SP 
Medium”’.) 

Sucrose and NH; uptake; organic acids in culture fluid. 
Figure 7 shows that phosphate addition stimulates su- 
crose and NH;-nitrogen consumption. The pH is 0.1—-0.2 
units lower in the medium containing phosphate than 
in the standard medium. In regard to the lactic acid 
consumption no remarkable difference between the 
two media was observed. On the contrary, the differ- 
ence in the production of pyruvic acid is remarkable. 
Pyruvie acid begins to accumulate in SP medium 12 
or 24 hours after inoculation and its values are several 
times higher than those reached 48 hours after inocula- 


MARCO, AND PENNELLA 





— D.WEIGHT S MEDIUM a 
--- CHLORTETR. , eee 
---- D.WEIGHT SP MED. /€0™ 
qi, ~~~ CHUORTERR.. wo / 


DRY WEIGHT 


DRY WEIGHT/ML 


10 


| MG 


1UM 








MYCEL 





ScuTORTETRACYCLINE. 


43 

TIME , HOURS 
Fic. 6. Growth and chlortetracycline synthesis in stand 
(S) medium and in 0.3 per cent Ke2HPO, added (SP) mediu 





S MEDIUN 
SP » 


nN 


SUCROSE 


IN MEDIUM MG/jOMi 


_ 


fee) 
SUCROSE GR./100 ML. 








TOTAL N 





TIME , HOURS 
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Fic. 8. Desoxyribonucleie acid (DNA) synthesis in standard 
(8S) medium and in 0.3 per cent KoHPO, added (SP) medium 


tion in 8 medium. Further experiments are in progress 
on this point. 

Mycelium growth and synthesis of proteins and nucle 
acids (figures 6, 7, and 8). In SP medium the rate of 
increase of dry weight is at first. greater than |: 5 
medium. Growth ceases or goes on very slowly y he 
the medium is depleted of ammonia nitrogen. T)cre- 
fore the mycelium amount obtained in SP mec um 
36 or 48 hours after inoculation is clearly lower | han 
that obtained in S medium. Since the amount of 1: 110- 
gen assimilated is not very different in both med a, 2 
difference between the compositions of the my: ‘lia, 
grown in the two media, is generally observed a’ the 
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TABLE 2. Composition of mycelium of Streptomyces 
aureofaciens tn S and SP media 


Protein N RNA DNA 


Hours Hours Hours 


12 24 48 12 } 48 2 24 


11.5 | 8.4} 2.6 10 3. 
}. 


2.6 
10.2 | 9.4 8.7 4. 


] 3 


alues are calculated as per cent of dry weight. 


LE 3. Growth of Streptomyces aureofaciens and synthesis 
of antibiotic 


Experiment 
Medium 


1 2 
per cent per cent 


40) 


th in 24-48 hours 71 
25 0 


tetracycline* § 100 100 100 


58 29 t 62 


h at 48 hours* Ss 100 100 100 
SP 80 100 S4 


hlortetracycline has been calculated as a per cent of maximal amount ob- 


{in S medium. The growth at 48 hours has been calculated in the same way. 


end of the fermentation (table 2). The addition of 
phosphate to the S medium accelerates the desoxyribo- 
nucelic acid synthesis but does not increase its level, as 
is clearly shown in figure 8. 

hlortetracycline synthesis. From the beginning of the 
incubation period the chlortetracycline yields were 
remarkably lower in SP medium. The comparison be- 
tween the percentage increase in growth of mold from 
the 24th to the 48th hour of incubation and the differ- 
ences In maximal amount of the synthesized chlortet- 
racyeline in S and SP media, obtained in several 
experiments, shows that the chlortetracycline syn- 
thesis is constantly related to the shape of growth 
curve. Each experiment reported in table 3 shows that 
the difference between the amount of chlortetracycline 
produced in SP medium and in 8S medium is much 
greater than the difference found in mycelium weights. 


Addition of Ammonium Sulphate 


Mycelium growth, synthesis of proteins, nucleic acids, 
and chlortetracycline. The S medium containing 0.2 per 
cent ammonium sulphate and a modified medium 
containing 0.4 per cent ammonium sulphate (4N) have 
bee compared in two experiments. In both experi- 
menis, the mycelium weight was lower in +N medium 
in the first hours of incubation but after 36 hours 
excecded the weight obtained in S medium (figure 9). 
The vield of chlortetracycline was clearly higher in 4N 
mediim only after the weight of the mycelium had 
exce ded the one reached in S medium. When nucleic 
acids synthesis was determined, also it was found that 


the addition of ammonium sulphate caused a compa- 
rable increase of both chlortetracycline and desoxy- 
ribonucleic acid yields (20 per cent and 18 per cent). A 
further increase of the ammonium sulphate concentra- 
tion from 0.4 per cent to 0.6 per cent, without addition 
of phosphate, does not lead to an increase of the nucleic 
acids and proteins synthesized by the mold. Chlortet- 
racycline yields in 0.6 per cent ammonium sulphate 
medium are from 15 to 25 per cent lower than those in 
0.4 per cent ammonium sulphate medium. 

Effect of phosphate addition. The addition of phos- 
phate to the medium enriched with ammonium sul- 


TABLE 4. Composition of mycelium in 4N medium supplemented 


with phosphate 
Protein N RNA 
Medium Hours Hours 
24 «48 
4N 1.10 1.66 1.02 0.91 


IN + 0.3% K2HPO, $ 1.64 1.32 1.29 
4N + 0.59% K2HPO, 3. 2 7} 7.4 |1.62 |1.73 11.82 
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tains 0.4 per cent (NH,4).SO3. 
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Fig. 10. Nucleic acids synthesis in 4N medium and in 0.5 
per cent KzsHPO, added 4N medium (4NP). 
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Fic. 11. Growth and chlortetracyeline production in 4N 
medium and in 0.5 per cent K2HPO, added 4N medium (4NP). 


TABLE 5. Synthesis of nucleic acids in 4N medium 
Y , t 
° eo 
supplemented with phosphate 


RNA y/ml DNA y ml 


Medium Hours Hours 


48 24 48 


4N aoe 390 
4N + 0.8% K,HPO, 720 510 
4N + 0.5% K2HPO,..... 780 


TABLE 6. Growth and synthesis of antibiotic in 4N medium 
supplemented with phosphate 


Dry 
Weight . : Mycelium 
Medium Increase meee a Weight, 
Within. | *=erm 48 Hr 
24-48 Hr 
per cent per cent per cent 
4N : : 18 100 100 
4N + 0.38% K2HPO, 29 50 83 
4N + 0.5% K2HPO, 11.5 21 68 


*Chlortetracycline has been calculated as a per cent of 
maximal amount obtained in S medium. The growth at 48 
hours has been calculated in the same way. 


phate gives results similar to those observed by adding 
phosphate in standard medium (figures 10 and 11). The 
differences in the changes of the mycelium composition 
during the fermentation are especially evident. It may 
be seen, in table 5 and figure 10, that increasing the 
amounts of phosphate in media increases the level of 
synthesized nucleic acids and that the rate of desoxy- 
ribonucleic acid synthesis in the first 24 hours is also 
increased. The correlation between the differences in 
the shape of growth curve and the yields of chlortet- 
‘acycline is once more proved by the data recorded in 
table 6. 


DiscussION 


The metabolic behavior of Streptomyces aureofaciens 
grown in a laboratory fermentor shows two different 
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stages, as described by Van Dyck and De Somer (195 on © Ise 
The first stage is characterized by a rapid synthesis sulfite 
all protoplasm constituents and by the uptake oj when 
almost all the nitrogen of the medium. In the secc \ the m 
stage the mycelium weight is still increasing, but v. ry stir ul: 
slowly; protein and ribonucleic acid amounts de: \< cor’ ‘le 
and desoxyribonucleic acid amount changes o |) of he 
slightly. The decrease of nucleoprotein content iso the-is 
accompanied by a mycelium weight decrease or by 4) ant Di 
equivalent increase of medium nitrogen; thereforc i; the is. 
phi spl 
It may be assumed a partial hydrolysis of myceli im chil rte 


must not be ascribed to a real lysis. 


proteins occurs from which trichloroacetic acid-soh 
peptides are produced which are not able to | pre 
through the cell wall. For the above mentioned reas: 
the mycelium composition remarkably changes du: 
the growth; in fact the percentage in protein nitro 
is diminished both because of the mentioned hydro! 
and because of an accumulation of nitrogen-! 
materials in the growth which occurs in the sec 
stage. 
The microscopical observations by Hotchkiss st 
ing do not show a remarkable accumulation of res 
polysaccharides. On the contrary, relative increas: 
the cell wall may be suggested, owing to the format 
of a great deal of very thin hyphae, poorly stained 
Giemsa method. These observations confirm Gott 
and Legator’s (1953) remarks on Streptomyces venezuc| 
and the data shown by the graph in Oyaas and 
workers’ (1950) paper on chloramphenicol fermentation 
concerning the growth of molds after the medium is 
depleted of nitrogen. Chugtai and Walker (1951) found 
in growing cultures of Aspergillus niger an increase of Th 
mycelium weight in nitrogen-free medium and observed facie? 
that 50 per cent of the increase was represented by hydrs 
carbon. Foster (1949) too, in his work, Chemical nucle 
Activities of Fungi, states that in the first stages of cline 
growth, molds rapidly synthesize nucleoproteins; | 
on they form reserve substances or the fibrous material 
of cell walls so that it results in a decrease in percen| age 
nitrogen content of mycelium. 
By adding small amounts of phosphate to 
medium, all biochemical features of Streptom 
growth are modified. The most constant effects 
increased sucrose consumption rate, pyruvic 
accumulation in the medium, increased growth ra 
mycelium and increased rate of desoxyribonucleic 
synthesis in the first stage, and inhibition or dec 
of mycelium growth in the second stage. The add 
of phosphate generally causes a delay in protein | 
gen decrease so that the change in mycelium « 
position is not so marked as in the standard mediu: 
The comparison between growth curves and chk 
racycline production curves in standard medium s 0Ws 
that chlortetracycline production begins when a _ 0d 
quantity of mycelium has already developed and -0es 
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on: lso during the slow growth stage. The ammonium 
sulfite stimulates chlortetracycline production only 
when added to nitrogen-poor media; in this case also 
the mycelium growth and the DNA synthesis are 
stir ulated. Chlortetracycline production is therefore 
cor lated with mycelium growth. However, the effect 
of -hosphate addition on growth, nucleic acids syn- 
the is and chlortet racycline synthesis, shows. that 
ant biotic production is not linked with protein syn- 
the is. This assumption is supported by the effect of 
ph phate on chlortetracycline production. In fact, 
ch). rtetracycline yields are low in phosphate-con- 
ng media from the beginning of the antibiotic 
uction, that is, also in the stage in which the my- 
m growth is stimulated by phosphate. 
he inhibition of antibiotic production is even more 
nt in media more rich in nitrogen, notwithstand- 
ing ‘he fact that the added phosphate allows the syn- 
the s of greater amounts of both nucleic acids. The 
reason for this inhibition is still obscure. It may only be 
said, at present, that the inhibiting effect of phosphate 
on vhlortetracycline production always occurs together 
with) changes of the mold metabolic behavior which 
lead to a More rapid initial growth and to an inhibition 
of the second stage growth. 
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SUMMARY 


The growth and metabolism of Streptomyces aureo- 
faciens in fluid culture have been studied. The carbo- 
hydrates and nitrogen consumption, mycelium growth, 
nucleie acids and protein synthesis and chlortetracy- 
cline synthesis have been determined. The metabolic 


behavior of Streptomyces aureofaciens has also been 
studied in media with addition of KsHPO, and 
(NH4)2SO,. The correlation between the synthesis of 
chlortetracycline and the over-all picture of fermenta- 
tion has been considered. 
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In a recent publication (Smith and Hendlin, 1953) it 
was shown that the conversion of benzaldehyde to 
phenylacetylearbinol by yeasts is accompanied by a 
concomitant reduction of a portion of the added alde- 
hyde to benzyl alcohol. It was noted further that the 
two enzyme systems competing for the benzaldehyde 
were interrelated by their common requirement for 
coenzyme I (DPN). The oxidized form of DPN serves 
as the H+ acceptor in the dismutation of pyruvic acid 
and the reduced DPN functions as the H+ donor in the 
reduction of benzaldehyde by alcohol dehydrogenase. 
Thus: 


. ' oe cocarboxylase 
Pyruvie acid + CoA? — 


> 


DPN + Mg** (1) 
CO, + acetyl-CoA + DPN-H, 
DPN-H, + benzaldehyde — benzyl aleohol + DPN (2) 


As pyruvic acid was in excess in the cell-free system, 
the reduced DPN was indirectly active in the reduction 
of pyruvic acid to lactic acid, thereby preventing the 
formation of benzyl alcohol. Furthermore, all the 
requirements for alcohol dehydrogenase were not met in 
the cell-free system used for the study of phenylacetyl- 
carbinol synthesis. 

The competition of reduced DPN for benzaldehyde 
during ketol fermentation results in the conversion of 
a large portion to benzyl alcohol. If the formation of 
benzyl alcohol were lowered or eliminated, considerably 
better yields of the ketol could be obtained. This paper 
reports on the effectiveness of some nicotinic acid 
analogs in inhibiting the reduction of aldehydes to 
alcohols both in the fermentation and the cell-free 
system. 


MATERIALS AND METHODS 


Acetone powders were prepared from fresh pressed 
brewers’ yeast® by the method of Hochster and Quastel 
(1951). Nicotinamide was not added in order to permit 
the destruction of DPN. The DPN and adenosine 
triphosphate were obtained from Sigma Chemical Co.* 
Reduced DPN, used in all experiments with the cell-free 


1 Present address: Department of Microbiology, School of 
Medicine, University of Pennsylvania, Philadelphia, Penn- 
sylvania. 

2 Coenzyme A, 

3 Standard Brands Inc., New York, N. Y. 

4 St. Louis, Missouri. 


system, was prepared by the hyposulfite method |» 
Page, 1949). Nicotinamide was added to the cell-) re 
system to prevent destruction of the DPN by DPN. se 
The following were present in the cell-free reac: io) 
mixture: acetone powder, 5 mg; nicotinamide, m_, \()): 
ATP, m/2000; reduced DPN m/2000; phosphate bu fe 
pH 6.5, M/15; aldehyde, 72 um. The aldehyde was 
added after 10 minutes preliminary incubation fo 
temperature equilibration to 28 C. The reaction was 
allowed to proceed for 30 minutes. Inhibitors \ ere 
added to the reaction mixture prior to the aldehy de. 
Controls without any inhibitor were run with exch 
experiment. 

Fermentations with whole cells of the fresh pressed 
brewers’ yeast were run in a medium comprised of sé g 
refiners’ cane molasses per liter adjusted to pH 5.5 with 
phosphoric acid. To each 250-ml Erlenmeyer flask was 
added 50 ml medium and 2 g pressed yeast. Following 
| hour prefermentation time at 28 C, 0.2 ml benzalde- 
hyde was added to give a concentration of 4 mg per 
ml. The fermentation was allowed to proceed for 2!, 
hours on a rotary shaker at 200 rpm. The broths were 
then filtered through celite filter aid in a Buchner fun- 
nel to remove the yeast cells. The clear broths were 
retained for analysis of end products. Inhibitors were 
added prior to the prefermentation period. 

Benzaldehyde and benzyl alcohol were determined 
by the method described previously (Smith and 
Hendlin, 1953). In the case of benzy] alcohol determina- 
tions of the fermentation medium, 20 volumes were 
steamed distilled from the extract at a neutral pl! to 
obtain a solution of benzyl alcohol free of other ultra- 
violet absorbable materials. Phenylacetylearbinol was 
determined by an iodoform method developed in this 
laboratory. An aliquot of filtered broth is treated with 
excess 0.5 N iodine. Excess 10 N NaOH is added and the 
precipitated iodoform washed with n HCl. The indo- 
form, dried over calcium chloride in tared centri! uge 
tubes, is weighed and the amount of ketol caleul: ‘ed. 
No component of the broths other than phenylac:ty!- 
carbinol gives an iodoform reaction. 


i 


RESULTS 
An interrelationship between the ketol synthes ‘ing 
system and alcohol dehydrogenase was shown to | xist 
in the cell-free system through a corequiremen for 
DPN. The postulated competition for benzalde' vde 
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TABLE 1. Analysis of the fate of benzaldehyde in 


yeast fermentations 


Experiment 
End Product Recovered 
1 2 3 
per cent of benzaldehyde 
ivlacetylearbinol 18 
syl alcohol 65 
roie acid 2 


by aeration (by difference) 15 


ing fermentation was proven upon analysis of the 
of the added aldehyde. Low yields of ketol were 
mpanied by high yields of benzyl alcohol and vice 

a. The amount of benzaldehyde lost by aeration 

oxidation to benzoic acid remained constant. 

overy experiments are listed in table 1. 

+ seemed feasible to prevent the reduction of benz- 
aldehyde by alcohol dehydrogenase in three ways: 1) 
the use of alternate H* acceptors; 2) inactivation of the 
enzyme by —SH inhibitors; and 3) competition with 
DPN for its enzyme site by nicotinic acid analogs. 

Alternate H+ acceptors. The possibility that a com- 
pound, such as an oxidation-reduction dye, might ac- 
cept H* from reduced DPN initially appeared to be 
the most advantageous method for preventing reduc- 
tion of benzaldehyde. Among the compounds tested 
were seven oxidation-reduction dyes (O/R) of different 
Q/R potentials including methylene blue and cysteine, 
glutathione, acetone, and colloidal sulfur. Only col- 
loidal sulfur was effective, but it proved to be extremely 
toxic to the over-all fermentation, causing a marked 
reduction in yields of ketol. 

Sulfhydryl inhibitors. Since alcohol dehydrogenase is 
a —SH containing enzyme, it was thought that a 
specific —SH inhibitor would prevent alcohol forma- 
tion. However, other enzymes involved in the fermenta- 
tion of glucose also contain —SH groups. While mono- 
iodoacetic acid at a level of 0.001 m or higher brought 
about complete inhibition of benzyl alcohol formation 
in both the cell-free system and the fermentation, it 
also reduced ketol formation by 90 per cent. 

Competition with DPN by nicotinic acid analogs. The 
use of nicotinic acid analogs to compete with DPN for 
its enzyme site has the disadvantage of also inhibiting 
DPN action in reactions necessary for the biosynthesis 
of phenylacetylearbinol. For these analogs to be bene- 
ficial! in decreasing benzyl alcohol formation and in- 
creasing the yield of ketol, the effective inhibitor level 
for alcohol dehydrogenase must be below the concentra- 
tion inhibitory to ketol synthesis. Because of this fact, 


the practical usefulness of these compounds seemed 


dou!tful. Nevertheless, several analogs were tested in 
the cell-free system synthesizing benzyl alcohol and 
ethe iol and in the ketol fermentation. Table 2 lists the 


TABLE 2. Inhibition of alcohol formation by nicotinic 
acid analogs 


Per cent Inhibition 


Molar Con- Cell-free svatem Fermen- 


Nicotinic Acid Analog peae rcp tation 


Benzyl Benzyl 
alcohol Ethanol alcohol® 


3-Acetyl pyridine 0005 0 80 
.002 39 100 


Pyridine-3-sulfonic acid 0005 14 
.002 


a-Picolinic acid 0005 
002 


Pyrazinamide 005 
Nicotinamide 05 
Isonicotinamide 05 64 
Isonicotinic acid 0.05 37 


* The decrease in benzy] alcohol formation was accompanied 
by a corresponding increase in phenylacetylearbinol yields. 


inhibitory action of the active compounds. The other 
analogs tested were nicotinic acid, isonicotinic acid, 
pyrazinoic acid, pyridazine-5-carboxylic acid, and 
pyridazine-4-carboxamide. Of the compounds tested, 
only the amides were capable of antagonizing the action 
of DPN. 

It will be noted that the activity of these compounds 
is lower in the fermentation phase than in the cell-free 
system. Higher concentrations of the analogs in the 
fermentation lower benzyl alcohol yield still further, 
but they likewise lower the yield of phenylacetylear- 
binol. 


ACKNOWLEDGMENT 


The authors are indebted to Dr. J. H. Quastel for 
his helpful suggestions and to Miss Dorothy Carkowski 
for technical assistance with some of the experiments. 
We wish to thank Dr. Karl Pfister and his colleagues 
of the Department of Medicinal Chemistry for generous 
supplies of the nicotinic acid analogs. 


SUMMARY 


Three approaches were followed in an effort to 
prevent the reduction of benzaldehyde to benzyl 
alcohol. The use of compounds that might preferentially 
accept H+ from reduced DPN met with failure. Ap- 
parently none of these compounds was poised at the 
proper O/R potential. Inhibition of alcohol dehydro- 
genase by a —SH inhibitor also reduced the yield of 
phenylacetylcarbinol. This was suspected since other 
—SH containing enzymes are concerned in the fermen- 
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tation of glucose. Structural analogs of nicotinamide 
proved to be the most effective means of lowering 
alcohol yields. These probably acted by competing with 
DPN for its enzyme site. Only the amides and not the 
acids of the analogs tested had inhibitory activity. The 
addition of one of the active analogs to the yeast fermen- 
tation decreases alcohol formation and increases ketol 
yields by 20 per cent. Nevertheless, it was impossible 
by any of these methods to shunt all of the added alde- 
hyde to the system synthesizing phenylacetylearbinol. 
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Most molds (higher fungi) and yeasts are sufficiently pure cultures of molds studied and restricted the growth 
of only a few of the yeast species. 

In contrast to the results of Hertz and Levine, Mrak ml 
and Phaff (1948) reported that a5 per cent wort agai sts 
containing 2,500 ppm (0.25 per cent) sodium propionate aia 
was quite effective in the separation of yeasts and molds. 
More recently, this medium was used by Shihata and 
Mrak (1952) in the study of the intestinal yeast 
flora of Drosophila and of the yeast flora of plant ma- 
terial and soil. 


acid-tolerant to be easily separated from bacteria by the 
use of acidified media. However, the enumeration and 
isolation of yeasts from samples having large populations 
of molds has always been a problem. Since, as a group, 
molds grow more rapidly than yeasts and will quickly 
obscure the surface of an agar plate, it is desirable to 
have some agent or medium that will inhibit molds or 
greatly restrict their growth. 

Hertz and Levine (1942) compared the effectiveness 
of sodium propionate and diphenyl! in acidified malt 
extract agar for the separation of pure cultures of yeasts 


Just 
to a 
steril 
num 

The present investigation was undertaken with the 
view of improving existing cultural techniques for these 
separating yeasts from molds in samples from natural No. | 


varie 


from molds. They noted that sodium propionate was 
which were 
sufficiently high to inhibit growth and development of 
most of the molds also inhibited growth of many of the 
yeasts. The use of 100 ppm (0.01 per cent) diphenyl in 
malt extract agar inhibited a large percentage of the 


unsatisfactory because concentrations sources, such as soil and plant material. Cultural phas 
media and techniques were desired that would permit 
population studies and isolation of the principal yeast 
species present without interference by mold growth 


Since it is not possible to predict the species of yeasts 


mad 
used 
obse 
- é resti 
and molds which are likely to be present in a saniple, 
it seemed desirable to use material with unknown | ‘ora 
as well as pure cultures, in attempts to devise various 
media which would restrict mold growth. 
as Paper No. 550 of the Journal series, and represents coopera- sodi 
tive work with the Horticulture Department, North Carolina 
State College. 

2 Present address: Department of Bacteriology and Public 
Health, Michigan State College, Kast Lansing, Michigan. 


1 This study was carried out under a cooperative project 
with the Washington Utilization Research Branch, Agricul- 
tural Research Service. Published with the approval of the 
Director, North Carolina Agricultural Experiment Station 


MATERIALS AND METHODS cells 


Fourteen media were prepared by addition of va ious Brow 
agents to dextrose agar (Difco)* as indicated in ta’ !e | ml 

8 Present address: Cherokee Process Development Depart- Cult 
ment, Chemical Division, Merck & Co., Ine., Danville, Penn- 
sylvania. 

4One of the laboratories of the Southern Utilization Re- 
search Branch, Agricultural Research Service, United States 
Department of Agriculture. 


* Difco Laboratories, Detroit, Michigan. Mention of rad The 
products does not imply that they are endorsed or 1 com II-B 
mended by the Department of Agriculture and the North y 
lina Agricultural Experiment Station over similar produ 10! 30 ( 
mentioned. Fi 





wth 


Trak 
agal 
yiate 
olds, 
and 
yeast 


ma- 


l the 
for 
tural 
] 
tural 
mil 
yeast 
vth 


casts 


: ple, 


MOLD CONTROL IN ISOLATION OF YEASTS 297 


r 


TABLE 1. Comparison of different cultural media for 


determining yeasts in soil 
Yeast Colonies per Plate 


Soil sample No. 2 Soil sample No. 5 


> ; 10 dilution 1-100 dilution 
Chemical Added 


Days Days 


4 


None J I M 
5% Sodium chloride ) ] f M 
Sodium propionate 
0.15% 
0).25% 
0.35% 
Sodium Sodium 
propionate chloride 

0.15% 5% 

0.25% 5% 

0.35% 5% 

Dipheny! 
0.005% 
0.010% 
0.020% 

Dipheny! Sodium 
chloride 

0.005% 5% 0|M\|! 0|M 
0.010% 5% 0|M |! oO) 8] 90 
0.020% 5% 0 0 0| 0} 0 

* Basal medium of dextrose agar (Difco) acidified with 4 
ml of 5 per cent tartaric acid per 100 ml of medium prior to 
pouring plates. 

+ M = Luxuriant mold growth; plates not usable for count 
ng or picking yeast colonies. 

1 

Just prior to pouring plates, each medium was acidified 
to. a pH of about 3.8-4.0 by the addition of 4 ml of 
sterile 5 per cent tartaric acid per 100 ml of medium. A 
number of soil samples were collected and plated on the 
various media. However, detailed results for two of 
these samples (No. 2, from under a grape vineyard, and 
No. 5, from under a fig tree) will serve the needs of this 
phase of the study. Dilutions of the soil samples were 
made in isotonic saline and the same dilutions were 
used for plating with all media. Yeast counts and 
observations on the efficacy of the various media in 
restricting mold growth were made after 2, 4 and 6 
days incubation at 30 C. 

I that portion of the work dealing with pure cul- 
tures, 18 species of yeasts were tested for the effect of 
sodium propionate on their growth. Suspensions of yeast 
cells from each species were made by washing the 
growth from young slant cultures and transferring 0.1 
ml of this suspension into 99.9 ml of sterile saline. 
Cultures were seeded with 0.1 ml of this suspension. 
The plates were then poured with media I-A, II-A, 
II-B and II-C (see table 1), incubated for 6 days at 
30 C. and observed for the amount of growth. 


Fc» determining yeasts on plant material, a chem- 


ically defined medium® was used; it will be referred to 
herein as synthetic agar. This medium, acidified with 
3 ml of 5 per cent tartaric acid per 100 ml, was com- 
pared to acidified dextrose agar (I-A) and. acidified 
dextrose agar plus 0.35 per cent sodium propionate 
(1I-C) as to its usefulness in the separation of yeasts 
frgm molds in plant material. 

Thirty-eight samples of staminate and _ pistillate 
blossoms (25 blossoms per sample) from the cucumber 
plant (Cucumis sativus) were disintegrated in a Waring 
blendor, and dilutions streaked and plated on the 
various media. In most instances comparable counts 
were obtained with both techniques. However, the 
streaking technique was preferred, particularly where 
veast isolations were to be made, because all colonies 
could be readily picked from the agar surface. This 
usually eliminates the contamination troubles which 
are so frequently encountered when picking subsurface 
veast colonies from selective solid media. 

RESULTS 

Comparison of media for determining yeasts in soil. The 
veast counts obtained for two soil samples on 14 differ- 
ent media are presented in table 1. To conserve space, 
the yeast counts of other dilutions of these two samples 
are not presented. However, the data presented are 
representative of all results. 

Acidified dextrose agar with 0.35 per cent sodium 
propionate was the most satisfactory of the acidified 
dextrose agar media containing the different chemicals. 
Yeast counts on this medium were of about the same 
order as those with the lower levels of propionate. Also, 
molds were inhibited to a much greater degree by the 
higher concentration of propionate. Plates with the 
0.35 per cent propionate agar were still suitable for 
picking yeast colonies after 6 days incubation at 30 C. 
Five per cent salt (NaCl) added to the propionate 
media resulted in complete control of mold growth but 
greatly reduced the yeast counts. 

No level of diphenyl used was effective in inhibiting 
mold growth for the desired incubation period (6 days) 
and the highest concentration (0.02 per cent) greatly 
inhibited yeast growth. The addition of salt to the 
media containing diphenyl increased inhibition of both 
the yeasts and molds. 

Because of marked inhibition of both molds and 
yeasts by salt and propionate when used together, 
platings were made of soil sample No. 5 using 0.1 per 
cent sodium propionate in combinations with 1, 2, 3, 4 
and 5 per cent salt. With low salt concentration (1 and 
2 per cent NaCl) molds covered the plates within 4 
days while with 4 and 5 per cent the yeasts were 


6 Yeast nitrogen base broth (Difco) of Wickerham (1951); 
modified for our use as a solid medium by the addition of agar 
(2 per cent) and dextrose (2 per cent) as described by Etchells, 
Bell, and Jones (1953) under synthetic agar-B. 
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TABLE 2. Influence of sodium propionate on the growth of 
certain species of yeast 


Growth on Acidified Dextrose 
Agar Containing Different 
Concentrations of Sodium 

Propionatet 


FFL* 
Culture 
No. 


0.15 0.25 
per 
cent 
Brettanomyces 
B. versatilis Se ere Y-12 | 44+ | 3+ 
B. sphaericus.... }Y-42 | 44+ | 3+ 
B. sphaericus (unnamed va- Y-316 
DORMDR ries orien eee ne 4+ 3+ 
Candida 
C. krusett * peta oe 44+ 44+ ) 44+ 
C’. krusoides....... ae ’-5E 4+ | 34+ | 3+ 
Debaryomyces 
D. membranaefaciens var 
Hollandicus Ee . ees 4+ | 34+ | 34+ | 3+ 
Endomycopsis 
E. ohmerit 4+ | 2+}, 14+ | 14+ 
Hansenula 
H. subpelliculosa. .. 4+ | 3+ | 34+ | 3+ 
H. anomala. . : 4+ | 34+ | 34+ | 3+ 
Pichia 
P. alcoholophila sc astern . Y-243 |) 44+ | 34+ | 3+ | 34+ 
Saccharomyces (subgenus) 
S. fragilis i ...e...|¥-258| 44+ | 44+ | 44+ | 44+ 
S. globosus 3 .Y-269; 44+ | 3+ | 2+ | 2+ 
Torulopsis 
7. caroliniana 
T. holmii 


Torulaspora 


./¥-300! 4+ | 34+ | 34+ | 2+ 
. Y-305 | 44+ | 34+ | 34+ , 34+ 
T. roset . Y-376, 44+ | 4+ | 44+ | 4+ 
Zygosaccharomyces (subgenus) 
Z. halomembranis. .. é 4+ | 3+ | 24+ | 2+ 
Z. pastori. . de ee 4+ | 4+ | 44+ | 44 
Rhodotorula 


R. glutinist 4+ None None None 


* Food Fermentation Laboratory (Raleigh, N. C.). 

+ 4+ = Maximum growth of individual species on control 
medium (without propionate) after 6 days incubation at 
30 C.;3+ = slight reduction in growth; 2+ = definite reduc- 
tion; 1+ = marked reduction; none = no colonies. 

t See figure 1 for photographs of culture plates. 

§ Ercueitis, J. L., Costrtow, R. N., anp Beuu, T. A. 
1952 Identification of yeasts from commercial cucumber 
fermentations in northern brining areas. Farlowia, 4, 249- 
264. 


greatly inhibited. The medium with 3 per cent salt 
inhibited mold growth for 6 days, but the yeast count 
was somewhat less than when dextrose agar containing 
0.35 per cent sodium propionate alone was used. 
Effect of sodium propionate on various yeast species. 
Eighteen species of yeasts representing 11 genera were 
seeded into acidified dextrose agar containing 0.0, 
0.15, 0.25 and 0.35 per cent sodium propionate. After 
6 days incubation at 30 C, the relative growth of the 
veasts in the various media was noted (table 2). 
Thirteen of the 18 species tested were not affected 
to any great extent by the sodium propionate. They 


Fic. 1. Effect of sodium propionate concentration (0, (15 
0.25, and 0.35 per cent) in acidified dextrose agar on the growth 
of Candida kruset, Endomycopsis ohmeri, and Rhodoto ila 
glutinis after 6 days’ incubation at 30 C. 


gave growth response of 3+ or better on all media; 
Candida krusei is an example of this group (see figure 
1). Growth of Saccharomyces globosus, Torulopsis curo- 
lintana and Zygosaccharomyces halomembranis was 
definitely reduced by the higher concentrations of 
propionate. However, many colonies of these yeasts 
were present even on 0.35 per cent propionate agar 
plates. 

Marked inhibition of Endomycopsis ohmeri was evi- 
dent with increasing concentrations of sodium propion- 
ate, and Rhodotorula glutinis failed to grow at even 
the lowest concentration used (figure 1). Therefore, 
it is not likely that cultures comparable to these two 
species would be isolated by the use of propionate agar. 
Also, other species which were inhibited to a lesser 
extent in the heavily seeded platings used in this study 
might well be completely inhibited when present only 
in small numbers. 

Determination of yeasts on plant material. Compara- 
tive studies were made of the usefulness of acidified 
dextrose agar, acidified dextrose agar plus 0.35 per cent 
sodium propionate and acidified synthetic agar in the 
enumeration and isolation of yeasts from plant material. 
A summary of these studies is presented in table 3. 
Although a slightly higher mean yeast count was ob- 
tained by the use of dextrose agar as compare! to 
synthetic agar, luxuriant mold growth covered many 
plates with the former medium. Such plates are en- 
tirely unsatisfactory for the isolation of yeasts aii at 
best make counting very difficult. The inclusio) 0! 
0.35 per cent sodium propionate into the dex: rose 
agar controlled molds but inhibited many of the y 
The mean yeast count of 17 samples on the propi 
agar was less than one-tenth the counts of the 
samples obtained with the other two media. In a 
percentage of the samples no yeast colonies gre 
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TasLE 3. Comparison of three cultural media for determining 
yeasts in plant material 


Culture Medium Used* 


Dextrose 
agar plus 
Dextrose 0.35 per Synthetic 
agar cent agar 
sodium 
propionate 


Str (king techniquet 
\umber of 
imined 


samples ex 


 reentage of samples: 
Without yeast colonies 
With excessive mold 
growth 
Suitable for picking 
veasts 
ng techniquet 
umber of samples ex- 
mined 3} 36 None 
centage of samples: 
Vithout veast colonies 
With excessive mold 
growth 
Suitable for picking 
yeasts 26 
Mean yeast count of 
sumples§. 
Number of yeast isolates ob- 
tained4 222 64 
Number of Rhodotorula iso- 
lates obtained® 94 2 132 


32,000/g 26 ,000/g 


* Media were acidified with 3 to 4 ml of 5 per cent tartaric 
acid per 100 ml prior to pouring plates. 


+ Samples ground in blendor and dilutions streaked with 
standard loop (0.01 gram capac.) on surface of poured plates 
of three test media. 

t Samples ground in blendor and dilutions plated with two 
test media. 

§ Data based on the 17 samples where yeast counts could 
be made on all 3 media. 

* Represents isolates obtained by streaking and plating 
techniques from all samples yielding plates suitable for pick- 
ing colonies. 


the propionate agar, even after a prolonged incubation 
period of 3 weeks. 

Synthetic agar was much more satisfactory than 
either of the other two media, both for counting and 
isolation of yeasts from plant material. Yeasts grew 
well on this medium and mold colonies were restricted 
from spreading. Also, only 6 per cent of the plates gave 
mold growth considered to be excessive and the yeast 
populations were comparable to those obtained on 
acidified dextrose agar. Another observation resulting 
from this part of the study was the pronounced inhibi- 
tion of yeast species in the genus Rhodotorula by the 
use of propionate. This is clearly illustrated by the fact 
that 42 per cent of the yeast isolates from dextrose 
agar und 59 per cent of those from synthetic agar were 
Rho otorula, whereas only 3 per cent of the yeasts 
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obtained from the propionate agar belonged to this 
genus. 


DiscussION 

The results of this study show the limitations of 
either sodium propionate or diphenyl in media for 
determining yeasts. The use of these chemicals may 
give data that are inaccurate both as to the total popu- 
lations and the predominating species present. 

Strains of a given species may differ appreciably as 
to their resistance to sodium propionate. Hertz and 
Levine (1942) observed this when testing a number of 
strains of Saccharomyces cerevisiae var. ellipsoideus. The 
strain of Zygosaccharomyces pastori tested by these 
workers was greatly inhibited, but 0.2 percent propionate 
while the strain used in the present study was not 
affected by 0.35 per cent. Finally, Rhodotorula glutinis 
was found to be completely inhibited by 0.1 per cent 
propionate in our study, but Shihata and Mrak (1952) 
reported the isolation of this species from Manzanita 
and Juniper berries by the use of 0.25 per cent pro- 
pionate in wort agar. This type of species variation in 
response to propionate makes it impossible to predict 
the extent of growth restriction of yeast flora by this 
chemical. 

Synthetic agar proved to be the medium of choice for 
counting and isolating yeasts from plant material. It 
restricts the mold colonies from spreading rather than 
inhibiting them from forming. In samples where mold 
populations are expected to be many times higher than 
yeasts, propionate agar may be of some value; however, 
the results obtained by the use of propionate should be 
qualified, and the use of an additional medium such as 
synthetic agar as a control would be desirable. 


SUMMARY 

Three levels of sodium propionate (0.15, 0.25, and 
0.35 per cent) and three levels of diphenyl (0.005, 0.01 
and 0.02 per cent) in acidified dextrose agar and acidi- 
fied dextrose agar with 5 per cent salt were tested for 
their ability to restrict mold growth yet permit the 
rapid growth of yeasts from soil samples. 

No level of diphenyl] tested in acidified dextrose agar 
was found to inhibit mold growth satisfactorily, and 
the use of 0.02 per cent of this agent resulted in marked 
inhibition of the yeasts. While the use of diphenyl in 
combinations with salt (NaCl) agar was superior to 
dipheny! alone in controlling mold growth, yeasts were 
even more inhibited. 

Acidified dextrose agar plus 0.35 per cent sodium 
propionate was the most effective medium tested in 
separating yeasts from molds in soil samples. However, 
this chemical, even in low concentrations, greatly 
inhibited the growth of Endomycopsis ohmeri and 
completely inhibited Rhodotorula glutinis. Furthermore, 
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the use of propionate agar resulted in very low yeast 
counts in samples of plant material as compared to the 
populations obtained with acidified dextrose agar and 
synthetic agar. 

Acidified synthetic agar proved to be the medium of 
choice for the enumeration and isolation of yeasts from 
plant material. Counts obtained on this medium were 
comparable to those on acidified dextrose agar and 
mold growth was satisfactorily controlled because of 
restricted colonial 


development on the synthetic 


medium. 


ADDENDUM 


After this manuscript was prepared for publication, 
J. J. Miller and N. S. Webb (Soil Science, 77 (3), 
197-204. 1954) reported on the use of lactic acid, rose 
bengal, and oxgall in media to determine yeasts in soil. 


L. ETCHELLS, AND T. N. BLUMER 


The latter two agents were considered to be the n 
useful in the isolation studies because they restri 
the growth of spreading fungi. The effectiveness of 
rose bengal appeared to be related to the nature of 
plating medium. 


REFERENCES 


KTcHELLs, J. L., BELL, T. A., AND JoNEs, I. D. 1953 
phology and pigmentation of certain yeasts from b 
and the cucumber plant. Farlowia, 4, 265-304. 

Hertz, M. R., anpb Levine, M. 1942 A fungistatic me 
for enumeration of yeasts. Food Research, 7, 430-44 

Mrak, Kk. M., ann Puarr, H. J. 1948 Yeasts. Ann. 
Microbiol., 2, 1-46. 

Sumatra, A. M. Exv-Taprya, anp Mrak, E. M. 1952 
testinal veast floras of successive populations of D 

Kvolution, 6, 325-332. 

WickeruaM, L. J. 1951 Taxonomy of yeasts. U.S. | 
Agr. Tech. Bull. No. 1029, 1-56— 


phila. 


Yeasts from Commercial Meat Brines' 


R. N. Cosrirow?, J. L.. Ercuenps*, anp T. N. BLUMER 


Department of Animal Industry, North Carolina Agricultural Experiment Station, Raleigh, North Carolina 


Received for publication May 14, 1954 


Little information is available on the nature of the 
yeast flora associated with meat brines; particularly 
brines from commercial sources. Sturges (1923) isolated 
yeasts from ham brines and referred to them as “‘torula’’. 
Mrak and Bonar (1939) investigated 28 cultures iso- 
lated from 27 samples of various brined and pickled 
products; two cultures of Debaryomyces were obtained 
from the single sample of ham brine examined. Graham 
and Hastings (1942) isolated six cultures of film-form- 
ing yeasts from the surface of rennet brines, all of which 
were placed in two species of Debaryomyces. Unpub- 
lished work in this Department on experimentally 
brined bacon sides has shown that progressive increases 
in yeast populations occur in the brine after the first 2 
weeks of cure, and maximum populations of 6 to 7 mil- 
lion yeasts per ml were reached by the end of a pro- 
longed curing period. The predominating yeast species 
found in subsurface samples was a nonfilm-forming 


‘This study was carried out under a cooperative project 
with the Washington Utilization Research Branch, Agricul- 
tural Research Service. Published with the approval of the 
Director, North Carolina Agricultural Experiment Station as 
Paper No. 543 of the Journal Series. 

? Present address: Department of Bacteriology and Public 
Health, Michigan State College, East Lansing, Michigan. 

3 Professor of Animal Industry and, In Charge, Food Fer- 
mentation Laboratory, Southern Utilization Research Branch, 
United States Department of Agriculture. 


species of Debaryomyces which was classified 
Debaryomyces klockeri. 

The purpose of the present investigation wa: 
obtain additional information on the nature of 
yeast flora associated with brined meat cured u 
commercial conditions. 


MATERIALS AND METHODS 

Brine samples from nine casks of brined meat 
obtained from a commerical meat packing plant loc: 
in Richmond, Virginia. The brines were streaked 
duplicate onto previously poured plates of acid 
dextrose agar (Etchells and Jones, 1946) containi 
to 8 per cent salt by weight. Also, samples from 
cask were placed in sterile 150-ml flasks and refi 
ated (35 F). Heavy, wrinkled films developed o 
samples and these films were streaked on the a 
mentioned medium. Well-isolated colonies from 
brines and films were restreaked for purification 
transferred to vegetable-juice agar slants. This » 
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sporulation medium was prepared according to Wi: ker- 


ham, Flickinger, and Burton (1946) except for n 
changes suggested by Etchells and Bell (1950: 
total of 89 yeast isolates were obtained during 
investigation and information as to their sou 
presented in table 1. 
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he taxonomic placement of the isolates were essen- 
‘ those outlined by Stelling-Dekker (1931). Certain 
ifications of these methods were used; these have 
described by Etchells and Bell (1950 a, b) and 
iells, Costilow and Bell (1952), in connection with 
taxonomic studies on subsurface and film-forming 
ts associated with the fermentation of commer- 
vy brined cucumbers. The carbon assimilation 
run and interpreted by Dr. L. J. Wickerham 
IA), Peoria, Illinois, were of much value in the 
tification of the nonfilm-forming yeast isolates. 
RESULTS AND Discussion 
| of the 89 yeast isolates obtained in this study were 
d to belong to the genus Debaryomyces; 86 were 
ed as D. membranaefaciens var. Hollandicus Lodder', 
the remaining three were classified as D. klochkeri 
|. et Péju. Information on the distribution of the 
tes of each species, with respect to their occurrence 
~irface or subsurface samples, is given in table 2. 
\\1 70 of the cultures isolated from films were D. 
men/branaefaciens var. Hollandicus; also, 17 of the 20 
cultures obtained from subsurface brine samples be- 
longed to this species. Pictures of the heavy, wrinkled 
film formed by this yeast (and several other film-form- 
ing species) on brines, together with illustrations of 
colonial and cellular morphology have recently been 
published (Etchells, Bell, and Jones, 1953). The pres- 
ence of this yeast in subsurface cucumber brine samples 
is usually associated with the heavy surface growth that 
has fallen or in some manner has been disturbed 
Etchells, Costilow, and Bell, 1952). The same condi- 
tion may have been present in the case of the subsur- 
face meat brines, because the evidence at sampling 
indicated that the original films had been disturbed. 
The isolation of only three cultures of D. klockeri 
irom subsurface samples of meat brines may be attrib- 
uted to the fact that only two of the nine brines sampled 
were over 10 days old. In the bacon studies referred to 
earlier, this species reached maximum populations of 
several millions per ml of brine after a prolonged curing 
period (112 days). However, only very low counts (200 
to 1,000 per ml) were observed for the first 2 weeks. D. 


hlochert is a nonfermentative, nonfilm-forming species, 


It does, however, assimilate a large number of carbon 
compounds and is probably more widespread in meat 


nee this work was completed, the Dutch workers (Lodder 
\reger-Van Rij, 1952) have proposed an emended genus 
baryomyces. The variety of the species D. membranae 
: has been included in the species D. nicotianae. How- 
ur isolates do not conform with the description of this 
s because they assimilate lactose. If the new system were 
ised, the isolates would probably be closer to D. hansenii 
o D. nicotianae. For the present study we prefer to use 
rlier classification of Stelling-Dekker (1931) and retain 
me D. membranaefaciens var. Hollandicus. 


TABLE 1. Origin of 89 yeast isolates from commercial 


meat brines 


No. of Isolates 

Age of Salt Obtained From: 
Brine Concen 
at tration < 
Sam H by ub 


pling Weight weaenen 
rine 


samples 


Type of Meat Brine 
Sampled 


Ham 
Ham 
Ham 


— bo bo 


Used ham brine 
Beef tongue 


aoc w 


Beef tongue 


— 


Bacon sides 
Bacon sides 
Canadian bacon 


“JI or or or & 
women 


— 


Subtotal 


Total 


TABLE 2. Classification and distribution of yeast isolates from 


commercial meat brines 


Number of Isolates Obtained 
From 


Classification Total Number 


Subsurface Films on 
brine samples brines 


dD. membranaefaciens 
var. Hollandicus 
D. klockeri 


Total 


brines and refrigerated meat products than the present 
study indicates. 

Judging from the literature (Hof, 1935; Mrak and 
Bonar, 1939; Graham and Hastings, 1942; Etchells and 
Bell, 1950b; Zenitani, 1952) and the current report, it 
seems apparent that species of Debaryomyces are the 
most widely distributed yeasts associated with food 
brines. Furthermore, one species (D. membranaefaciens 
var. Hollandicus) appears to be responsible for most 
film formation on such brines. The Debaryomyces 
exhibit high tolerance to salt and organic acids; these 
characteristics, coupled with their ability to grow well 
at low temperature (35 F) and assimilate a variety of 
carbon compounds, are important factors responsible 
for the prevalence of these yeasts in connection with 
foods that are preserved by salting and brining. 
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SUMMARY 


A total of 89 yeast isolates, all belonging to the genus 
Debaryomyces were obtained from nine casks of 
commercially brined meat (hams, beef tongues, bacon 
sides and Canadian bacon). Seventy of the isolates 
came from surface films on the brines and 19 were 
from subsurface brine samples. Eighty-six of the 
cultures were identified as Debaryomyces membranae- 


faciens var. Hollandicus Lodder and were responsible 


for film formation on the brines. The remaining three 
cultures were placed as Debaryomyces klockeri Guill. et 
Péju. These isolates were nonfilm-forming and were 
isolated from subsurface brine samples. 
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ne of the uncertainties in mold culture is the nature 
of the spore inoculum. Spores are harvested from agar 
sl: nts by one of two methods, namely, either by flood- 
in: the slants with water, or dry, without allowing water 
to come in contact with the slants. The two types of 
spore inocula may be expected to give rise to different 
growth performances in a synthetic medium, since the 
inoculum prepared by flooding the slants with water 
would contain material leached out from the mycelium 
and the agar slant. 

it was also thought likely that simple washing of the 

spores With water might yield an inoculum giving re- 
producible growth performances. Experiments reported 
in a recent communication from this laboratory (Bajaj, 
Damle, and Krishnan, 1954) showed that when the 
spores of Aspergillus niger are collected from synthetic 
liquid cultures or from agar slants by flooding with 
water, considerable amounts of inorganic and esterified 
phosphates pass into solution. MeCallan and Wilcoxon 
(1936), investigating the fungicidal action of Bordeaux 
mixture, found that malic acid and some amino acids 
are present in aqueous extracts of spores. The work of 
Shu and Johnson (1947) indicates that some trace 
elements can be removed from the conidia by the simple 
process of washing with water. A number of authors 
(Mandels and Norton, 1948) have used washed mold 
spores for biological studies and have reported a high 
percentage of germination. Perlman (1951) used washed 
spores of Memnoniella and Aspergillus for inoculating 
synthetic media and found that the washed spore sus- 
pensions could be stored in the cold and used over a 
period of weeks. 

During the course of experiments designed to study 
the phosphate metabolism of molds in surface and sub- 
merged cultures (Krishnan and Bajaj, 1953a, b; Bajaj, 
Damle, and Krishnan, 1954), the authors have re- 
peatedly found that the technique of collection of the 
spores, namely by flooding the slants with water or by 
removing them dry, affects the cultural characteristics 
of A. niger and also that the cultures inoculated with 
washed spores differ from those inoculated with the 
wiwashed spores. Furthermore, the addition of an 
aqueous extract of potato-dextrose-agar medium has a 

pronounced influence on the germination of the spores. 
An eecount of these observations is recorded in the 
iollowing pages. 


MATERIALS AND MetTHops 


A. niger NRRL 67 was used in all the experiments. 
Unless otherwise stated potato-dextrose-agar (PDA) 
served as the sporulation medium and was always made 
up with distilled water. This medium was dispensed 
into either 25- x 150-mm test tubes, or litre Roux 
bottles. A stock soil culture was subcultured thrice and 
the spores from the last used for inoculating the fer- 
mentation medium. The spores were harvested by two 
different techniques. In one, the spores were removed 
by the suction method of McCallan and Wilcoxon 
(1936); in the other, the agar slants were flooded with 
water and the spores dislodged by gentle scraping. 
The spore count was adjusted to 4 to 7 million conidia 
per ml. A portion of the spore suspension was set 
aside for the inoculation of control cultures. The major 
bulk of the spore suspension was measured, filtered by 
gravity through Whatman filter paper No. 1 and 
washed twice on the funnel with distilled water. The 
entire operation of filtration and washing took 15 to 
30 minutes. The residual spore material was resus- 
pended in water and made up to the original volume. 
The two supplementary washings of the spores were 
rejected in some experiments; in others, they were 
added to the main filtrate and the final volume made 
up to twice the original volume. The fermentations 
were carried out under surface and submerged condi- 
tions, using 250-ml Erlenmeyer flasks for the former 
and 250- or 500-ml flasks for the latter. Submersion 
was effected by shaking either in a reciprocal shaker 
with an amplitude of 1 in at the rate of 127 strokes per 
minute, or in a rotary shaker describing a circle 3 in 
in diameter at a speed of 156 rpm. Two-ml aliquots of 
the spore suspension were used for inoculation of £0 
ml portions of Currie’s medium made up with 12 per 
cent dextrose and with the pH adjusted to 1.9. 

The cultures were divided into the following groups: 

1. Control cultures inoculated with the unwashed 
spores. 

2. The rest of the flasks, after prior supplementation 
as indicated below, inoculated with the washed spores: 

a) Washed spore cultures, receiving only water. 

b) Supplemented cultures, receiving 2 ml of the 
spore filtrate when only the main solution 

was used, but 4 ml when the two supple- 

mentary washings also were combined. 
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TABLE 1. Surface culture of Aspergillus niger inoculated with 
spores of three different ages, collected by flooding slants 
with water 


Days of Mycelium 


Incu- -a.. |Utilization plus 
bation, Acidity of Glucose | Spores, 
No. Dry Wt.* 


pi hihg per cent mg 


4 days agar slants 
Control. . . ¥ d 35 8. 163 
Washed........ a 43 9. 150 
Supplemented. . .. 18 : 97 
Lo ie a eee 70 258 


CS ee ; 326 29.6 598 
Washed...... pect 188 3. 304 
Supplemented : 254 8.8 389 
P.D.A.. aes 304 26. % 575 


SR a eee 564 52. S84 
Washed j 390 39.2 652 
Supplemented......... ’ 390 39.5 676 
i2, |): See os 688 : 1012 


Control... - ; 603 £6 847 
a a 778 38. 1138 
Supplemented. . .. 5 f 501 : 823 
J 5 Vee nats 885 es 1092 


) days agar slants 
Control. . 
Washed...... 
Supplemented 
_D. |e See 


Control - 
Washed........ 
Supplemented 
i Lt ae 


Control... re 
Supplemented. . .. 
P.D.A. 


Control... 
Washed........ 
Supplemented 
a3, Le. eae 


9 days agar slants 
(ne ene 26 ‘ 145 
SS See 18 6 117 
Supplemented. . .. 29 10. 147 
2}. Ln 47 14. 144 


Control 251 18.3 420 
Washed........ 202 15.: 331 
Supplemented.......... 273 21. 482 
211 igs 357 
* Analysis of mycelium plus spores showed an average of 
10.35 wg phosphorus and 45.4 wg nitrogen per mg dry weight. 


c) PDA cultures, receiving 2 ml of an extract of 
the PDA medium. This extract was prepared 
by flooding the uninoculated test tube slants 


with 5 ml portions of water and drain) yg 
after 15 to 20 seconds. 


The volumes were equalized by adding the requis « 
amount of distilled water to the cultures. All ineul 4- 
tions were carrried out in weak diffused light at ro ; 
temperature (26-28 C), which, during the course of ; 
one complete series of experiments was held const 
within +0.5 C. Further details of the culture of 
organism, and of the techniques of assay of the 1 y- 


celium and of the metabolism fluid, have been repor 
elsewhere (Krishnan and Bajaj, 1953a, b). No atte: 
was made to separate the spores from the myc 
the whole mass was dried to constant weight, powde 
and sampled. The total nitrogen contents of the 1 vy- 
celia were also determined, being a better indica‘ 
of protoplasmic synthesis than dry weight yields. ' 
dried material was digested with H.SO, aided by | 
and the same digest used for phosphate and nitro 
estimations (Damle and Krishnan, 1954). 


EXPERIMENTAL RESULTS 
Surface Culture with Spores Collected by Floodin 


Sporulation on the agar slants commenced by about 
the 2nd day after subculturing. At the end of 4, 6 and 
9 days the spores were collected by flooding the slants 
with water and gentle scraping with a blunt inoculating 
needle. The two supplementary washings were re- 
jected, the main filtrate only being used in the supple- 
mented cultures. These filtrates had pH values of 3.81, 
3.67 and 3.52 on the 4th, 6th and 9th days respec- 
tively. The analytical data for glucose utilization, 
acid production, dry weight yields of mat per 100 ml 
culture solution, and the total phosphate and nitrogen 
contents per mg of the dried mycelia are recorded in 
table 1. 

It is apparent from the above table that the mycelia! 
yield, glucose utilization and acid production were the 
highest in the PDA cultures. The initially formed my- 
celium in these cultures had a lower nitrogen content 
per mg dry weight than the mycelium from the othiers, 
but with older cultures such a difference was not ap- 
parent. The analytical data for total phosphate con- 
tent per mg dry weight of the mycelia did not show any 
systematic variation between the different treatments 

There were significant differences in the morph: log) 
of the various cultures. In the control cultures a thir 
adherent mycelium was formed on about the 3rd day; 
sporulation commenced within 5 days and was pr fuse 
with further incubation. In the washed spore cul :ires, 
however, the mycelium was formed in patches and 
never joined up during the entire incubation p: riod: 
also, sporulation was sparse. Supplementation with 
spore washing induced better, though disconti \ous 
mycelium formation and heavier sporulation ‘hai 
were obtained in the washed spore cultures. | _ the 
PDA cultures using spores from 4- and 6-day-ol« aga! 
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slents a well formed mycelium was obtained and sporu- 
lation was profuse. 


Si face Cultures with Spores Collected by the Suction 


Technique 


‘he design of this experiment was the same as that 
of ‘he previous one, the only difference being that the 
ty) supplementary spore washings were combined 
w h the main filtrate used in the supplemented cul- 
tu es. The solutions had pH values in the range 5.9 to 
6. , Which was higher than that of the spore filtrates 
frm the flooded spores. The analytical data calculated 
o: the basis of 100 ml culture solution are recorded in 
ta le 2. 

‘he data in table 2 show marked differences in the 
dr weight yields of the mycelia, glucose utilization, 
an! acid production in the various cultures on the 
jt! day of the incubation. The control and the supple- 
mented cultures resulted in low yields of mycelia, the 
washed spore culture in higher yield, and the PDA 
euiure in the highest yield. The glucose utilization and 
acil production, also, were the highest in the PDA cul- 
tures. With further incubation these differences tended 
to ievel out in the various cultures. The data for total 
phosphate and nitrogen contents per mg dry weight of 
the mycelia did not show any significant variation due 
to the different treatments. 

The washed spore cultures grew in patches and re- 
sembled more or less the corresponding cultures ob- 
tained with spores collected by the flooding technique. 
However, the control cultures behaved quite differ- 
ently; the germination of the spores was delayed and 
the mycelial formation was very poor even on the 5th 
day; sporulation, when it set in, was less intense. 
The supplemented cultures also showed inhibited 
growth. The PDA cultures, as before, vielded a well 
formed mycelium. 


‘ Surface Culture on Zn-Supplemented Medium with 
Spores Collected Dry 

Spores from 6-day-old agar slants were used in the 
experiments. The fermentation medium contained in 
addition to Currie’s salts, Zn in a final concentration 
of m per 100,000, added in the form of B.D.H. AnalaR 
Zn$04-7H.O. Besides the four treatments described 
earlier a fifth set of cultures was simultaneously run, 
which was inoculated with the unwashed spores after 
adding PDA extract. These served as control plus 
PD. cultures. The analytical data for the Zn supple- 
men‘ed, as well as for the control basal medium, cal- 
cula‘ed on the basis of 100 ml culture solution are 
reco’ led in table 3. 

Tie data for the 3-day-old culture show that the 
cont ol cultures grew very poorly, that mycelium 
form ‘tion was increased on washing the spores, and 
that on supplementing the washed spores with the 


TABLE 2. 


9 days agar slants 


6 


) 
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Surface culture of Aspergillus niger inoculated with 


spores of three different ages, collected by suction 


days agar slants 


Control 
Washed 
Supplemented 


P.D:A. 


Control 
Washed 
Supplemented 


PDA. 


Control 
Washed 
Supplemented 
PDA. 


Control 
Washed 
Supplemented 


PDA. 


days agar slants 


Control 
Washed 
Supplemented 


P.D.A. 


Control 
Washed 
Supplemented 


PDA. 


Control 
Washed 
Supplemented 


P.D:A. 


Control. 
Washed 
Supplemented 
Pap As... 


Control. 
Washed 
Supplemented 
P.D:A. 


Control. 


Washed.... 


Supplemented. ..... 


PAs. ... 


Control..... 


Washed....... 
Supplemented...... 


ig 0, 


Days of 


Incu Acidity 


bation 


” 


nl N/10 
VaOH 


50 
94 
51 


128 


236 
296 
251 


390 


389 
51S 
167 
541 


206 
292 
267 


355 


226 
376 
337 
357 


Mycelium 
Utilization Plus 


of Glucose Spores, 


Dry Wt.* 


161 
245 
206 
335 


347 
188 
390 
486 


448 
510 
628 
586 


613 
666 
642 


608 


81 
157 
129 
211 


329 
386 
405 
550 


378 
473 
452 
478 


* Analysis of mycelium plus spores showed 11.71 yg phos- 
phorus and 50.37 ug nitrogen per mg dry weight. 
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TABLE 3. Surface culture of Aspergillus niger in Currie’s 
medium, with and without Zn, using spores collected by 
suction from 6 day slants 


With Zn, 
Dry Wt. 


Without Zn 
Dry Wt. 


Days of 
Incubation 


meg meg 
Control plus P.D.A. : 446 242 
Control. 65 71 
Washed... 245 159 
Supplemented 93 57 
P.D.A. 392 266 


Control plus P.D.A. 1023 468 
Control 619 288 
Washed 748 362 
Supplemented 539 232 
PDA. 920 500 


spore washing, the growth was again retarded. The 
addition of PDA extract either to the washed or the 
unwashed spores considerably increased the dry weight 
yields of mycelium. Figure 1 illustrates the morpho- 
logical appearances of the various cultures on the fourth 
day in Zn-supplemented medium. On the fifth day of 
growth, the above differences still persisted but were 
much less pronounced. The presence of Zn in the me- 
dium gave rise to increased mycelial formation and 
suppressed sporulation as compared to the control 
basal medium. 


Submerged Culture with Spores Collected Dry and by 
Flooding 


The agar slants used for the collection of spores in 
these experiments were 6 days old. The fermentation 
was allowed to proceed for only 3 to 5 days, since in 
the surface cultures the maximum difference between 


the various treatments was observed in the init:a! 
stages. The depositation of conidia on the sides of 
flasks and the subsequent surface growth of myceli: 
referred to by Camici, Sermonti, and Chain (19 
were considerably minimized by removing the fla | 
and shaking at frequent intervals and by rotating 
flasks against their own axis while the shaker wa 
motion. As a rule, agitation of 500-ml Erlenm« 
flasks containing 75 ml medium in the reciprocai 
shaker yielded the filamentous type of mycelial for 
tion, whereas agitation in the rotary shaker gave 

to a predominantly pellet type mycelium. In the roi 
shaker the PDA cultures consistently showed the sn 
est pellet formation, somewhat larger pellets \ 
found in the washed spore cultures, and by far 
largest in the supplemented and the control cultu 

It may be recalled that Moyer (1953) recomme 
the addition of about 0.45 per cent agar to shake 
tures to reduce clumping in the preparation of veg: 
tive inoculum. Results obtained in typical experimcuts 
are recorded in table 4, the data being represented on 
the basis of 100 ml culture solution. 

The data with the reciprocatory shaker are difficult 
to interpret, but with the rotary shaker the PDA cul- 
tures resulted in the highest dry weight yield of mycelial 
material on the third day. Also, as was observed in the 
surface cultures, washing of the spores collected dry 
led to better mycelial formation than that observed in 
the corresponding control cultures. Similarly, the vari- 
ous treatments of the spores gave rise to mycelial 
material of fairly constant composition with respect to 
total phosphorus and nitrogen. It may also be pointed 
out that in submerged cultures the acid production 
was much lower than in surface cultures using the same 
medium. 


Fig. 1. Effect of washing the spores and of addition of an extract of PDA medium on the growth of Aspergillus niger NVi ‘L 6 
in Currie’s medium. Growth 4 days. Left to right: Control plus PDA; PDA; Washed; Supplemented; Control. 
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TaBLE 4. Submerged cultures of Aspergillus niger inoculated 
ith spores from 6 day old agar slants, collected by flooding 
and by suction 


Jays j 
c a Utilization Mycelial 
= Material, 


bation, Acidity of Glucose Dry Wt 


° 
ml N/10 Per cout 
NaOH 
Re iprocatory Shaker 
spores by flooding 
Control 
Washed 
Supplemented 


P.D.A. 


Svores collected dry 
Control 
Washed 
Supplemented 
P.D.A. 


Roiary Shaker 
Spores by flooding 
Control 
Washed 
Supplemented 
PID:A;. . 


Control 
Washed 
Supplemented 
oC ae 


Spores collected dry 
Control... : f 217 
Washed. . 7 3.3 268 
Supplemented 5 5.6 214 
PDA... a 322 


Control..... 33 : 416 
Washed..... 29 14.: 433 
Supplemented 32 18.6 435 
PSDA.. ... 37 23.2 611 


* Analysis of mycelium plus spores showed 6.91 yg phos- 
phorus and 52.3 wg nitrogen per mg dry weight. 


TaBLe 5. Mechanism of the agar effect in surface culture of 
Aspergillus niger with spores collected by suction 


Dry Wt Yields of Mycelium 
3 days | 5 days 


mg/100 ml medium 
Control.......... 410 1287 
Ash 517 1254 
Agar alone. .... 605 1284 
839 1388 


Nature of the Agar Effect 


The following surface cultures were started using un- 
washed suction collected spores: 

1. Control cultures, with water added to equalize 
volumes. 


2. PDA cultures, which received the usual extract 
of the solidified sporulation medium. 

3. Ash cultures, which received an aqueous solution 
of the ash obtained from the above extract. 

4. Agar cultures, which received an extract from 
slants prepared with agar alone, without added potato. 

The ash cultures as well as the control cultures grew 
in patches; the cultures with an extract of agar alone 
showed much better mycelial formation, but by far the 
best growth was observed in the cultures which re- 
ceived an extract of the whole PDA medium. The dry 
weight yields of mycelia calculated on the basis of 100 
ml culture solution obtained in a typical experiment 
are recorded in table 5. 

The data for the mycelial yields in table 5 indicate 
that ash by itself effected a certain stimulation, that 
an extract of agar alone increased mycelial formation 
significantly, and that the highest yields were obtained 
on supplementing with an extract of the whole medium. 
The agar effect is therefore a complicated factor, de- 
rived in part from the inorganic constituents and to a 
great extent from the organic constituents of agar and 
of potato. Whether the stimulation of the spore germi- 
nation by the organic constituents of PDA is due to 
a surface effect or/and a growth factor can be decided 
only by further experimentation. 


DIscussION 

The experimental data recorded in the above pages 
indicate the following: 

The spores of Aspergillus niger NRRL 67 contain 
some material inhibitory for surface and, to a less ex- 
tent, also for submerged growth in Currie’s synthetic 
medium. This inhibition is prominent in the cultures 
inoculated with spores collected by suction, but is com- 
pletely suppressed in cultures with spores collected by 
flooding. 

This inhibitory material can be washed out with 
water, so that the washed, suction collected spores 
grow better than the unwashed spores. On supplemen- 
tation of the washed spore cultures with the spore 
washing the growth is again retarded. The inhibition in 
growth is most marked in the initial stages of mycelial 
formation and tends to disappear with progress in in- 
cubation of the cultures. 

Quite independent of the inhibitory factor present 
in, or associated with the spores, is a stimulatory factor 
present in the PDA medium used for sporulation. On 
allowing water to remain in contact with the uninocu- 
lated slants for about 15 seconds, enough of this active 
principle is leached out to give a remarkable spurt in 
the initial mycelial formation in the shake (rotary) and 
much more so in the surface cultures. This is especially 
prominent in the case of the spores collected by suction, 
where the inhibition in growth normally observed with 
the unwashed spores is totally suppressed by the addi- 
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tion of an extract of the PDA medium. A spore inoculum 
prepared by flooding slants with water would contain a 
certain, though variable, amount of this active factor. 
With such an inoculum the effect of the inhibitory ma- 
terial normally associated with the spores is suppressed 
and the net effect is a fair growth of the mycelium. The 
growth stimulating effect of the extract of PDA is most 
prominent in the early stage of mycelial formation; 
with further incubation the differences between the 
PDA and the other cultures wear out. 

The experiments of Robbins (1939) showed that the 
incorporation of agar into an otherwise complete syn- 
thetic liquid medium resulted in the stimulation of 
mycelial growth and gamete production in Phycomyces 
blakesleanus. Potato and some other naturally occurring 
material were likewise found to have a growth pro- 
moting effect on the organism. The accelerated growth 
response of A. niger on the addition of an extract of 
PDA medium observed in the present series of investi- 
gations is probably analogous to the observations of 
Robbins on the effect of agar on the culture of Phyco- 
myces. It is obvious that this agar factor has to be 
reckoned with in the normal process of inoculation with 
spores collected by flooding. Varying amounts of the 
active material will be removed depending upon. the 
type and the amount of agar and potato used in com- 
pounding the medium, the period for which water is 
allowed to remain in contact with the slant, the even- 
ness with which the mycelium spreads over the agar 
surface, and also the manner in which the spores are 
dislodged, namely by gentle scraping with a blunt rod, 
by shaking with glass beads (Dirkx, 1952), or sand 
(Moyer, 1953), and also the extent.to which the active 
factor has been depleted from the slants by the growing 
organism. 

It has to be borne in mind that when water is added 
to the slants, some of the material elaborated by the 
growing organism, and secreted into the medium such 
as organic acids may get dissolved out. During the 
brief period that the water remains in contact with the 
slants it can also solubilize material from any autolyzed 
cells of the mycelium and any cells ruptured during the 
process of scraping. Such material may exert an in- 
fluence on the growth of the culture. In the present 
series of experiments no attempt was made to study 
this factor separately. 

A. niger NRRL 67 is known to convert sugar pri- 
marily into citric acid under the conditions of pH and 
sugar concentration used in the present experiments. 
No attempt was made to estimate the proportion of the 
total acidity which can be accounted for by citric acid. 
The data for total acid production given in tables 1 
and 2 show that inocula prepared by the flooding tech- 
nique give rise to higher acidity, the highest yield being 
from cultures containing PDA extract and inoculated 
with spores from 4-day-old agar slants. 
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SUMMARY 

Spores of Aspergillus niger NRRL 67 contain a 
terial inhibitory for surface or submerged growt! 
the culture in Currie’s synthetic medium. The inhibi 
material can be removed from the spores by was] 
with water. When the water washings are added | 
to washed spores, growth is inhibited. 

The potato-dextrose-agar medium used for sp. ru- 
lation of A. niger contains a stimulatory factor fo; 
growth. Water extracts of the medium are ac iy 
in stimulating growth in both surface and subme: ved 
cultures. Acid production by A. niger is greater in -ul- 
tures containing water extract from PDA agar thai: i: 
cultures containing no supplement. 
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‘| he possible importance of bacteria in relation to the 
pro luction of petroleum from underground reservoirs 
has been recognized in recent years. \ development 
whi -h did much to arouse the petroleum industry’s 
int’rest in microbiology was the announcement, by 
Zol‘ell and co-workers, of a bacteriological treatment 
whi-h in laboratory tests appeared to promote the 
rele se of oil from oil-bearing sands and shales (ZoBell, 
\940a, 1946b, 1947a, 1947b). The work on which the 
announcement was based was carried on as a part of 
a research project on the role of microorganisms in 
petroleum genesis. This project was financed by a grant 
from the American Petroleum Institute. The patent 
issued on the process (ZoBell, 1946b) therefore was 
dedicated to the public without charge. 

The accidental discovery of the process was a by- 
product of the project’s work on the oxidation of hydro- 
carbons in oil sands by cultures of Desulfovibrio bac- 
teria. The simple apparatus used was a glass-stoppered 
bottle containing some oil sand and filled with a saline 
aqueous medium. Such bottles reportedly showed migra- 
tion of more oil from the sand to the surface of the 
medium when bacteria were present than when bacteria 
were excluded. Lactate was added to the aqueous 
medium in the bottles in order to provide a satisfactory 
energy source for the bacteria. Growth of Desulfovibrio 
was negligible in the absence of such added nutrients. 
ZoBell’s work on oil release was discontinued after 
completion of the patent application in 1944. 

In his papers on the subject cited above, ZoBell sug- 
gested several mechanisms which could be responsible 
for the promotion of oil migration or release by bac- 
teria, namely: 

1.: Dissolution of limestone or other calcareous ce- 
menting or intergranular materials associated with 
the porous rock in which petroleum is found, and de- 
composition of sulfate minerals by these bacteria or the 
acids produced by them, resulting in improved perme- 
ability of the rock and probable improved oil recovery. 

2. ’roduction of carbon dioxide, methane, and hy- 
droge: by bacteria which promote the flow of oil by 

‘Pr sent address: Mrs. Donald B. Wren, 12th Air Force 
Head: arters, Section Al, APO 12, % Postmaster, New York 
City, \. ¥. 


two mechanisms; reduction of the viscosity of the oil 
by solution of gas in the oil and increase in gas pressure. 

3. Production of detergents by the bacteria (perhaps 
by oxidation of hydrocarbons in the oil) which help 
remove the oil. 

4. Tenacious adherence of the bacteria to solid sur- 
faces which tends to displace the oil from the sand 
surfaces. 

5. Reduction of the viscosity of the oil by direct 
chemical action of the bacteria upon the oil. 

ZoBell’s patent claims the method of treating a fluid- 
bearing earth formation to increase the recovery of 
fluids therefrom by subjecting the formation to the 
action of Desulfovibrio hydrocarbonoclasticus or Desulfo- 
vibrio halohydrocarbonoclasticus. These are two new 
species of sulfate-reducing bacteria. The first would fall 
under the species D. desulfuricans or D. rubentschickii 
and the second under D. aestuarii of Breed et al. (1948) 
who recognize these three as the only established species 
in this genus. The two species named by ZoBell differ 
from the recognized species in their alleged ability to 
oxidize hydrocarbons. There is no evidence that sulfate- 
reducing bacteria other than the hydrocarbon-oxidizing 
strains can carry on activities which would be effective 
in releasing oil. 

Beck (1947) carried out extensive experiments, with 
ZoBell’s bottle culture method, and also with consoli- 
dated sandstone cores. Inconsistent results were ob- 
tained and no clear demonstration of bacterial oil re- 
lease was observed. Evidence for the utilization of 
Bradford, Pennsylvania, crude oil by sulfate-reducing 
bacteria, including many hydrocarbon-oxidizing strains 
obtained from ZoBell, was so meager and inconsistent 
that Beck concluded that ‘utilization of crude oil by 
these bacteria under field conditions would be negli- 
gible’. O’Bryan and Ling (1949) found that sulfate- 
reducing bacteria, when injected in a nutrient medium 
into cores of Edwards limestone, partially plugged the 
cores as shown by a decline in permeability. Mackenzie 
(1952) reported that sulfate-reducing bacteria utilized 
crude oil, and that some evidence of oil release was ob- 
tained. He emphasized the importance of phosphate 
as an essential mineral nutrient for the bacteria. Un- 
fortunately, his paper was published in abstract form 
only, and it is therefore impossible to evaluate his data. 
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Kuznetsov (1950) reported the isolation of sulfate- 
reducing bacteria from core samples taken from depths 
up to 1618 meters. He found that sulfate reducing bac- 
teria utilized only one of three different types of Russian 
crude oil tested, and drew the important conclusion that 
the reduction of sulfates at the expense of the organic 
matter in petroleum proceeds extremely slowly and 
depends on the chemical composition of the petroleum. 
ZoBell (1953) has extended his patent coverage to the 
use of hydrogen-oxidizing sulfate-reducing bacteria. 
Updegraff and Wren (1953), recognizing the fact that 
sulfate-reducing bacteria multiply extremely slowly 
when forced to subsist upon crude oil as a sole energy 
source, obtained a patent on the injection of molasses 
into petroleum reservoirs in order to stimulate their 
growth rate. The data upon which this patent applica- 
tion was based relied upon comparisons with sterile 
controls containing mercuric chloride, a procedure later 
found to give erroneous results. Packs treated with 
molasses medium and sulfate-reducing bacteria gave 
better oil recovery than those treated with other media, 
but the mass of data gathered since indicates that the 
methods used in the earlier experiments contained 
random errors which now make it impossible to verify 
such a conclusion. 

Our studies were performed in order to evaluate the 
method from the standpoint of its usefulness in increas- 
ing the recovery of oil from petroleum reservoirs. The 
approach was concerned primarily with the most funda- 
mental. requirement of any proposed oil recovery 
method, that is the demonstration of whether the 
process has any favorable effect on the rate and/or 
amount of oil recovery from porous media. The mecha- 
nisms advanced by ZoBell to explain oil release by 
sulfate-reducing bacteria were also given some in- 
vestigation. 


MATERIALS AND METHODS 


Cultures Used 


A total of 38 enrichment cultures of sulfate-reducing 
bacteria were employed in this study. They comprised 
5 cultures of Desulfovibrio halohydrocarbonoclasticus, ob- 
tained from Dr. C. E. ZoBell, and numerous cultures of 
Desulfovibrio isolated by us from soil, marine sedi- 
ments, and brines produced from oil wells. Enrichment 
cultures were employed instead of pure cultures for 
several reasons. First it would be difficult, if not im- 
possible, to maintain pure cultures in any field applica- 
tion of a bacterial oil recovery method. Second, sulfate- 
reducing bacteria often grow better in enrichment 
culture than in pure culture, and third, enrichment 
cultures can be subcultured indefinitely without any 
marked changes in characteristics, whereas pure cultures 
often die out or become contaminated upon subculture. 


Media 


Most of the media are based on a formula, mediun (- 
resembling sea water in ionic composition, but enric jd 
in phosphate, ammonium, and iron. Media M, M1, [2 
and M3 are based on the medium found by Miller (1! {9 
to give the maximum rate and amount of sulfate rec \y- 
tion by Desulfovibrio cultures from either fresh or .a\ 
water environments. The composition of each med im 
used is given below: 


1. Medium C 
NaCl 
MgSO, 
NaeCQO3.... 
H;BO3..... Uys) ear aes 
a ee 0.08 g 
(NH,).SO, itenseneceeg? ae 
LOE 2 ( 5 ea aa a An SO. a 
Distilled water we ..to 1000 ml] 
pH 7.2-7.6 
2. Medium A 
Same formula as Medium C with the addition of 2.0 » pe: 
liter of calcium lactate. 
3. Medium AY 
Same formula as Medium A with the addition of 2.0 ¢ pe 
liter of Difco yeast extract. 
4. Medium AX 
Same formula as Medium A with the addition of 0.5 
per liter of Difco yeast extract. 
5. Medium CM 
Medium C with the addition of 0.1 to 0.4 per cent black 
strap molasses as follows: 
CM-1, 0.1 per cent molasses 
CM-2, 0.2 per cent molasses 
CM-4, 0.4 per cent molasses 
5. Medium CX 
Same as Medium C, but with 0.5 g per liter of Difco yeast 
extract added. 
Medium CY 
Same as Medium C, but with 2.0 g per liter of Difco yeas: 
extract added. 
3. Medium M 
NaCl... a Tee ee 
MgS0,.. en 0.90 g 
CaCO ...... TNT is 
FeSO,-7H.O : 0.01 g 
CaCl.-2H.O a. S22 
NaSQ,... 18.25 g 
NH,Cl 
K.HPO,.. 
Sodium lactate 
Distilled water. . 
pH 7.2-7.6 
. Medium M1 
Same as above, but omitting sodium lactate and » dding 
1 g per liter of yeast extract. 
. Medium M2 
Same as medium M, but omitting sodium lacta‘« and 
adding 0.5 g per liter of yeast extract and 0.06 g per lite: 
of reduced iron powder. 
. Medium M3 
Same as medium M2, but without iron powder, an: wit! 
10 ml per liter of 1/5,000 methylene blue and 5 11 pe! 





Iding 


RELEASE OF OIL FROM PETROLEUM-BEARING MATERIALS 


liter of sterile 1 per cent NaS solution added after 
autoclaving 


Preparation of Unconsolidated Sand Packs 


Clean, dry sand or other material was sieved, and the 

sired size fraction collected. The collected material 

s then washed with distilled water to remove clays 

d soluble matter and dried and sterilized by heating 

182 to 560 C overnight, cooled, and packed into glass 

bes. A few glass beads and a small wad of glass wool 

‘ved to retain the sand in the bottom end of the glass 

bes. Glass tubes from 7, to 1%¢ inches in diameter 

d from 9!% to 15 inches long have been used. Perfo- 

ed porcelain discs were used as retainers in the upper 

1. Retainers for Lucite-tube sand packs were perfo- 

ed Lucite discs, and for Saran pipe were stainless 

‘el screens. The dimensions of the tubes, and other 

ata, are given in table 16, p. 320. 

Carbon dioxide gas was flowed through the prepared 
packs to dilute and remove air, and this was followed 
by a flood with the aqueous medium. The oil was then 
flowed into the vertical pack (usually vertically down- 
ward) to displace the aqueous medium. This was con- 
ducted until no water was produced. From 10 to 100 
pore volumes of aqueous medium then were passed 
vertically upward through the pack at 0.5 to 2 psi 
differential pressure to displace oil. This was continued 
until no more oil was produced. In a given experiment 
using the same oil, sand, and apparatus, the residual 
oil saturations after flooding with the aqueous medium 
sometimes varied widely. Later improvements in pro- 
cedure and technique resulted in improved reproduci- 
bility in values of residual oil saturation. 

Either the inoculum (a culture of the desired bac- 
teria) or a germicide solution was then introduced into 
one end of each sand pack, and the packs were set aside 
to incubate to allow time for the bacteria to multiply. 

After 7 to 100 days’ incubation at room temperature, 
or at a constant temperature of either 30 C or 37 C, 
the packs were flooded out with 50 to 100 pore volumes 
of the same sterile aqueous medium with which the 
packs were initially saturated, and the additional re- 
leased oil was measured in a burette or graduated cylin- 
der. Residual oil was calculated from the difference be- 
tween the initial oil content of the pack and the total 
released oil. 

Mereuric chloride initially was used as a germicide 
in the control experiments used to evaluate the effects 
of bacteria on oil recovery. Ten such experiments were 
carried out with packs of sand or crushed limestone 
material, and one with a plug cut from a dolomite core. 
It vas found that mercuric chloride retards oil recovery 
by water flooding, resulting in less oil release and a 
higher residual oil content than would have been ob- 
tamed by water flooding in the absence of mercuric 


chloride. The data of table 1 illustrate this effect. How- 
ever, during the course of these experiments much was 
learned regarding experimental techniques for measur- 
ing oil release by bacterial action. 

The oil-recovery retarding action of mercuric chloride 
is attributed to the fact that it forms insoluble salts 
with the sulfur compounds found in crude oil (Faragher 
et al., 1929). When the crude oils used in the above 
study were shaken with an aqueous | per cent solution 
of mercuric chloride a voluminous, gummy precipitate 
formed at the interface between the oil phase and the 
aqueous phase. The experiments employing mercuric 
chloride therefore do not furnish any evidence regarding 
bacterial oil release, and will not be discussed further. 

Details on the apparatus and materials used in the 
various oil recovery experiments are given in the data 
tables for the individual experiments (tables 1 to 11 in- 
clusive) and in table 16. 


Hydrocarbon Utilization 


Methods used for the experiments on the utilization 
of crude oil and hydrocarbons by Desulfovibrio in- 
cluded many variations. Basically, the method in- 
volved was to grow the cultures in a mineral salts 
medium containing crude oil or n-hexadecane as the sole 
energy source, or in a similar medium with a small 
amount of yeast extract added as a growth stimulant. 
Hydrogen sulfide was then determined on each culture 
by potentiometric titration in 2-normal ammonium 
hydroxide with 0.05-normal silver nitrate and a silver 
electrode. This method, a modification of that of Tamele 
and Ryland (1936), has proved to be, in our experience, 
more sensitive and specific than the iodimetric method 
for the determination of sulfide. 


RESULTS 


Oil Release Measurements on Sand Packs under Static 
Conditions 


The data from these experiments are set forth in 
tables 1 to 8. In every pack inoculated with Desulfo- 
vibrio the organisms grew vigorously. 

By observing the rate at which the blackened zone 
(the color resulted from precipitation of FeS in the pack 
by bacterially-produced H.S) moved through the packs, 
it was established that the organisms advanced in the 
absence of flow at a rate ranging from 0.5 to 1.5 inches 
per day at 30 C. Cultural counts on the long sand pack 
(table 8) showed that the Desulfovibrio bacteria moved 
at the rate of 1.0 inches per day in this pack at room 
temperature (20 to 27 C). This movement is partly due 
to their multiplication and partly to their motility. 

In experiment 2 (table 2) all of the 6 controls were 
heat sterilized. Unfortunately none of them remained 
sterile throughout the incubation period; two of the 





312 


TABLE 1. The effect of mercuric chioride on oil recoveries from 
static sand packs incubated for 66 days at 30 C 


Oil as Per Cent of 


; > Si acks ’ 
Content of Sand Pack Pore Volume 


Sand wet 
with 


Re- Resid 


Final content 
r leased ual 


Initial 
Saturated mercuric 37 :. 33 

chloride 
Sterile medium 31 ; 17 


Medium 
CM-1 
| Medium 
CM-1 
| Tap wa 
ter 
Tap wa- | Tap water 
ter lated 
Medium Medium 
CM-1 
Tap wa- | Saturated mercuric 26 
ter chloride—sterile 
Medium Medium + 1 per cent 34 
CM-1 mercuric 
inoculated 


sterile 


Sterile tap water 16 
inocu 19 


inoculated 33 


chloride 


Sand: 35-45 mesh Ottawa. Oil: Belridge, California, crude, 
14° API. 


TABLE 2. Oil recoveries from small static sand packs incubated 
for 80 days at 30 C 
Oil as Per Cent of 


Pore Volume 
Contents of Pack 


Resid- 


R 
leased ual 


Initial 


Medium C—inoculated 38 19 19 
Medium C—sterile 38 19 19 
Medium C without sulfate inoc 34 17 17 
ulated 
Medium C without sulfate sterile 19 
Medium CM-1—inoculated 11 
Medium CM-1—sterile 12 
Medium C without sulfate + 1 
per cent yeast—inoculated 
Medium C without sulfate + 0.1 
per cent yeast 
Medium C + 0.1 per cent calcium 
lactate—inoculated 
Medium C + 0.1 percent calcium 
lactate—sterile 
Medium CM-1 
Medium CM-1 


sterile 


inoculated 
sterile 


Oil: Wilmington, California, crude, 15° . Sand: 35-45 


mesh Ottawa. 


6 controls became contaminated with Desulfovibrio, 
and the other 4 with other types of microorganisms. 
{xamination of the data reveals close agreement in 
released and residual oil percentages obtained from the 
2 packs of a pair treated with the same flooding medium, 
except for the pair comprising packs 7 and 8. On the 
other hand, there were rather large differences in resid- 
ual oil content between packs flooded with media of 
different chemical composition. This suggests that small 
amounts of solutes in a flood water can influence the 
residual oil content attainable by flooding a porous 
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TABLE 3. Oil recoveries from static sand packs incubated 


various times at 37 C 


Oil as Per Cent 
Incu Pore Volume 


bation 
Time 


Initial A ith 
13 Medium . 
14 
15 
16 
17 
18 


, inoculated 


Mean 
19 Medium C, inoculated 


20 


21 


Mean 


formalin in 
distilled water, sterile 


0.1 per cent 


27 

28 

29 

30 

Mean 

31 Medium C, heat sterile 
32 

33 

34 

35 

36 

Mean ae ay es 30 


Sand: 35-45 mesh Ottawa. Oil: Belridge, California, 
15° API. 


oil-containing medium. Only in the case of packs 


8 is there any evidence which could be interpret 
demonstrating bacterial oil release. Here the inoc: 


sample had a lower residual oil content than any 
other packs, as well as a lower initial oil content 
possible that the difference was caused by this vai 
in initial oil content. Also the medium used was : 
free of sulfates, containing only the traces of : 
contributed by the inoculum and the yeast e 
It, therefore, seems doubtful that sulfate-reduci 
teria could have promoted oil release in this pac 

Experiment 3 (table 3) was conducted with 2 
packs divided into 4 groups of 6 packs each. Eac 
in a group Was treated the same except that incu 
times varied. At 7-day intervals, one pack of eacl 
was flooded out and released oil measured. Gro 
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MEDIUM A, INOCULATED 
MEDIUM C, INOCULATED 
0.1% FORMALIN IN DISTILLED WATER, STERILE 
MEDIUM GC, HEAT STERILE 


OF PORE VOLUME 
Ww 
64) 


RESIDUAL OIL, % 
on 


40 
INITIAL OIL, % OF PORE VOLUME 


Fig. 1. The effect of initial oil content of sand packs on 
residual oil. 


Desulfovibrio was rapid and vigorous in the inoculated 
packs because of the heavy inoculum and the optimum 
incubation temperature (37 C). All formaldehyde- 
sterilized controls remained sterile, but tests showed 
that the heat-sterilized controls had all become con- 
taminated with bacteria other than Desulfovibrio. 

A study of table 3 reveals differences in initial, re- 
leased, and residual oil among the 24 sand packs, but 
the differences do not appear to be noticeably affected 
by the variables controlled in the four series of experi- 
ments. The mean values of residual oil for each of the 
four groups show a range of only 6 per cent, less than 
the range of individual values within each group, and 
seem to be correlated with the mean values of initial 
oil rather than with incubation time, presence or ab- 
sence of bacterial action, or the aqueous medium used. 
A plot of residual oil versus initial oil for each of the 
24 packs is presented in figure 1. It is evident that the 
residual oil content of a sand pack depends more on its 
initia’ oil content than on any of the variables con- 
trolle in this experiment. It can be deduced, therefore, 
that he experiment provides no evidence that Desulfo- 
ibric baeteria influence the release of oil from sand by 
wate: flooding. 

Ex eriment 4 (table 4) investigated three new vari- 
ables (1) different cultures of Desulfovibrio, (2) a 
calea cous porous medium (20-60 mesh marble chips), 
and (°) density of the crude oil. Medium AY was used 


TABLE 4. Oil recoveries from static packs of marble chips incu 
bated for 60 days at 30 C 


Oil as per cent of 
Pore Volume 
Final Contents 


Initial Released 


e- 
sidual 


Sterile, 1 per cent formalin, 20 <0.1 20 
medium AY 16 <0.17 16 


Heat sterile, medium AY : < 13 
17 


Inoculated, 314-3, medium AY 


Inoculated, garden soil, medium = 19 
AY 20 


9 Inoculated, SS P *6, medium 1S 
10 AY IS 


11 Inoculated, all stock cultures, 22 <0.1 
12 medium AY 20 <0. 1 


Marble: chips, 20-60 mesh. Oil: Healdton County, Okla 
homa, crude, 24° APT. 


in all aqueous media including the formalin-sterilized 
controls. All packs were run in duplicate. 

Again the two heat-sterilized controls became con- 
taminated with bacteria other than Desulfovibrio. 
There was almost no oil release (<0.2 per cent) from 
any of the packs by the terminal flood after 50 days’ 
incubation at 30 C, although growth of Desulfovibrio 
Was vigorous In each of the four pairs of inoculated 
packs. Apparently the initial flood before incubation 
had reduced the residual oil content to the minimum 
value attainable with a medium AY flood, and none of 
the four enrichment cultures of Desulfovibrio was able 
to reduce the residual oil further. One of the cultures of 
Desulfovibrio was a mixture of all our available stock 
cultures (38). 

Experiment 5 (table 5) was carried out with 20-60 
mesh sand instead of crushed marble, but the inocula 
and methods were the same as for experiment 4. The 
results were also similar. Oil release was very slight 
(<0.6 per cent of the pore volume) in every case. Four 
of the five heat-sterilized controls, but none of the 5 
formalin-sterilized controls, became contaminated, 
again with bacteria other than Desulfovibrio. The 
inoculated packs again showed vigorous growth of 
Desulfovibrio. The residual oil data were remarkably 
uniform; none of the treatments, heat sterilization, 
formaldehyde sterilization, and four different enrich- 
ment cultures of Desulfovibrio, had any effect on the 
residual oil content. 

Experiment 6 (table 6) is of interest because of two 
innovations in technique: 1) The use of a successful 
new aseptic method of preparing heat sterilized con- 
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TABLE 5. Oil recoveries from static sand packs incubated for 
35 days at 30 C 
Oil as Per Cent of 
Pore Volume 
Final Content 

Initial | Released | Re- 
sidual 

Heat sterile—medium AY 17 <0. 17 
15 0 15 

18 <0.: 18 

20 <@). 20 

20 <Q. 20 


Sterile—1 per cent formalin in 18 <0. 18 
medium AY 18 0 18 
<0. 18 

0. 19 


Inoculated, 314-3, medium AY 18 <0. 18 
19 <0. 19 


Inoculated, SS P *6, medium 18 <0. 18 
AY 18 <0. 18 


Inoculated—soil—medium AY 17 <0. 17 
18 <Q. 18 


29 Inoculated, all stocks, medium 20 <0. 20 
30 AY 20 <0. 20 


Sand : 20-60 mesh Ottawa. Oil: Healdton County, Oklahoma, 
24° API. 


trols; and 2) the use of packs containing a measured 
volume of oil known to be greater than the residual oil 
after flooding. 

Six packs were prepared with 20-60 mesh sand, and 
six, otherwise identical, with 20-60 mesh crushed oyster 
shell. The lower (tapered) end of the packed glass tube 
”” tube by a short length of rubber 
vacuum tubing. One arm of the ‘“T”’ tube led through 
a rubber tube to a graduated separatory funnel filled 
with aqueous medium, and the other arm led to a gradu- 
ated separatory funnel filled with oil. The top of the 
packed glass tube was connected through rubber 

vacuum tubing to a glass tube leading through a one- 
hole rubber stopper into a suction flask. The side arm 
of the suction flask was attached to a cotton filter 
through a short piece of vacuum tubing. Pinch clamps 
were placed on the rubber tubes in order to control 
the flow of the various fluids, and the separatory funnels 
were partially filled with oil and aqueous medium re- 
spectively, and cotton plugs were inserted. The entire 
assemblage was autoclaved. After cooling, the system 
was evacuated as completely as possible, and the core 
was saturated with a measured volume of heat sterilized 
aqueous medium. A measured volume of oil was then 
introduced, and spread throughout the pack by flood- 
ing with a determined volume of aqueous medium. The 
inoculum introduced at this point, was a mixture of 
nine Desulfovibrio cultures from ZoBell’s collection, 


was connected to a ““T 


TABLE 6. Oil recoveries from static packs of oyster shell and sa 
using a new method of preparing heat-sterilized controls afte 
46 days’ incubation at 30 C 


Oil as Per Cent of 
Pore Volume 
Final Contents 


) 


Initial 


Re- 
leased | sid 


Sterile, 1 per cent formaldehyde 
in medium AY 

Sterile by heat, medium AY 

Sterile, 1 per cent formaldehyde 
in medium AY 

Inoculated, medium AY 

Inoculated, medium AY 

Sterile by heat, medium AY 


Oyster 
7 Sterile by heat, medium AY 
8 Sterile by heat, medium AY 
9 Sterile, 1 per cent formaldehyde 
in medium AY 
10 Sterile, 1 per cent formaldehyde 
in medium AY 
11 Inoculated, medium AY 
12 Inoculated, medium AY 59s «16 


Sand and Oyster: 20-60 mesh. Oil: Wilmington, California, 
Crude 15° API. 


and included several alleged hydrocarbon-oxidizing 
strains (Desulfovibrio halohydrocarbonoclasticus.) ‘Vhe 
rubber tubes attached to the sand pack were then 
clamped off, and left in place during the incubation, 
The Desulfovibrio cultures grew well in the inoculated 
packs. After 46 days’ incubation at 30 C, the terminal 
flood yielded considerable oil from all packs, since the 
packs had not been previously flooded. The residual 
oil content of five of the six pairs of packs varied by 
5 per cent of the pore volume or less. The sixth pair 
showed a variation of 16 per cent. The maximum varia- 
tion among all 12 packs was 14 per cent for the initial 
oil content, and 24 per cent for the residual oil content. 
In the sand packs the mean residual oil content of the 
inoculated packs (57 per cent) was greater than that of 
the sterile packs (54 per cent), thus providing no evi- 
dence for bacterial oil release. In the oyster shell packs, 
however, the mean residual oil content of the inoculated 
packs (43.5 per cent) was less than that of the sterile 
packs (54 per cent). The differences of 10.5 per ceiit is, 
however, less than the maximum difference between 
sterile oyster shell packs (19 per cent). It is, there! ore, 
not possible to attribute the difference between in vcu- 
lated packs and controls to bacterial oil release bec use 
of the large variations caused by unknown facto:s in 
the experimental procedures used. 

Experiment 7 (table 7) was carried out in muc!) the 
same manner as experiment 6. 

The additional variable of three uninoculated, ‘eat 
sterilized packs of each material, sand and oyster ell, 
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TABLE 7. Oil recoveries from static sand and oyster shell packs 
containing Desulfovibrio or detergents after 49 days’ incubation 
at 30 C 


Oil as Per Cent of 
Pore Volume 
Final Contents 


Re Re- 
leased — siduz 


Initial 


2 


Heat sterile 

Heat sterile 

Sterile, 0.1 per cent formalin 
Inoculated, all Scripps cultures 
0.1 per cent alconox 

0.1 per cent aerosol 

0.1 per cent dreft 


58 


PN ss 
o 


oe 


~I 
_ 


Heat sterile 58 29 
Heat sterile 61 32 
Inoculated, all Scripps cultures 69 44 
Sterile, 0.1 per cent formalin 61 32 
0.1 per cent aleonox 65 32 
0.1 per cent aerosol 65 4] 24 
0.1 per cent dreft 65 43 22 


Sand or oyster shell: 20-60 mesh. Oil: 75 per cent Taleo, 


Texas, crude, 25 per cent n-cetane. Detergents tested: 0.1 
per cent dreft, 0.1 per cent aerosol, 0.1 per cent alconox. 


treated with three different detergents was included. 
Again the Desulfovibrio inoculum was a mixture of 
nine of ZoBell’s cultures. Again there were no dif- 
ferences in residual oil content after the terminal flood 
which were greater than those which might be at- 
tributed to random variations. The fact that the residual 
oil content of the packs is lower in this experiment than 
in experiment 6 may be attributed to the lower vis- 
cosity of the oil used, as may be inferred from its 
higher API gravity. 

Experiment 8 (table 8) differed from the others in 
that a single long sand pack (9’5!4”) was used instead 
of many short packs. A piece of 114” ID Saran pipe 
was drilled along its length with 535” holes one foot 
apart and the holes were fitted with rubber stoppers. 
The tube was then mounted vertically, and a stainless 
steel screen sand retainer and a one hole rubber stopper 
carrying a glass delivery tube was attached to the bot- 
tom end. A short rubber tube and screw clamp was 
attached to the glass delivery tube. The entire system 
was then filled with 5 per cent phenol solution, and the 
system was allowed to stand overnight to sterilize all 
inner parts. A sterile one hole rubber stopper connected 
through a glass tube to a sterile cotton air filter was 
then placed on the upper end, and the phenol solution 
was drained out. 

The system was then washed out with several volumes 
of sterile water to remove all phenol, and allowed to 
dry. ry heat-sterilized sand was then packed into the 
tube, a sterile stainless steel screen sand retainer was 
place in the upper end, and the pack was saturated 


TABLE 8. Oil recoveries from sections of long sand pack incubated 
for a total of 81 days at room temperature 


Time that 
Sulfate 
Reducing 
Bacteria 
Were Active Initial 


Oil as Per Cent of Pore Volume 
Section Length of 
No.* Section 


Released Residual 


inches days 
147% 0 3 : 30 
1214 0 29 5. 24 
11% 0-6 ¢ 9 64 
12 6-12 36 10 26 
12 12-28 39 17 22 
12 28-40 38 16 22 
11% 40-48 44 21 23 
S 1214 48-60 43 26 22 
9 and 10 148¢ 60-81 54 21 29 


och Wh = 


Sand: 35-45 mesh Ottawa. Oil: Taleo, Texas, crude, 23 
API. 

* In the initial flood, medium was injected into Section 1, 
which was at the bottom end of the vertical pack. knoculation 
was performed at the end of Section 10. The sulfate-reducing 
bacteria migrated only as far as Section 3. 


in sequence with COs, sterile aqueous medium, and oil, 
and then flooded with the same aqueous medium, in 
the conventional manner. After flooding for 20 days to 
remove excess oil, the pack was inoculated at the end 
nearest hole 10, and the pack was incubated horizontally 
at room temperature for 81 days. 

Every 2 to 4 days each hole in the pack was sampled 
aseptically using a sterile hypodermic syringe. About 
0.1 ml of fluid was withdrawn at each station. Counts 
for Desulfovibrio were performed on these samples by 
a cultural method involving colony counts in deep tubes 
of medium AY containing reduced iron powder to insure 
anaerobic conditions. 

After 81 days’ incubation, the bacteria had pene- 
trated approximately 70 per cent of the pack. The pack 
was then sawed into sections, approximately 1 foot long, 
and each section was water flooded separately with 4 
liters of sterile medium. Produced oil was measured, 
and then residual oil was measured by extracting all the 
oil from the sand with 1 liter of carbon tetrachloride, 
and measuring the infrared energy absorbed by the 
‘-arbon tetrachloride extract at the wavelength of the 
‘arbon-hydrogen fundamental. 

The Desulfovibrio grew well, and advanced from 
the inoculated end, section 10, through the pack at the 
almost uniform rate of 1.0 inches per day. No Desulfo- 
vibrio reached sections 1 and 2 of the pack, but there 
was some growth of contaminants in these sections. 

The oil recovered by the terminal water flood plus 
the residual oil obtained by infrared analysis amounted 
to 89 per cent of the calculated initial volume of oil at 
the time of inoculation. This suggests that carbon 
tetrachloride extracts nearly all the oil remaining after 
the terminal flood. 

The initial oil saturation of each section is calculated 
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TABLE 9. Oil recoveries from long vertical sand packs after 
incubation for 100 days at room temperature under intermittent 
flooding from the bettom end 


Oil as Per Cent of 
Pore Volume 
Contents 


Re- 


As Re- 
Initial : 
leased sidual 


Sterile—treated with 3 pore vol 39 
umes of 1 per cent formalin in 
medium C 

Inoculated, with 3 pore volumes 
of medium C containing 60 ml 
of culture 314-3 per liter 

Sterile—treated with 3 pore vol 
umes of 1 per cent formalin in 
medium A 

Inoculated, with 3 pore volumes 
of medium A containing 60 ml 
of culture 314-3 per liter 


; 
Sand: 20-45 mesh Ottawa. Oil: Taleo, Texas, crude 2: 


API. 


from the sum of the released oil and residual oil. A 
rather large fluctuation in initial oil saturation is evi- 
dent, with a trend toward lower values at the uninocu- 
lated end of the pack. The oil release figures show the 
same general trend. The residual oil saturation values 
are, With the exception of one nonconcordant result for 
section 3, remarkably uniform. Thus, while there is no 
apparent effect of Desulfovibrio on residual oil, the 
released oil shows an increase with increasing time of 
action of Desulfovibrio on each section of the pack. If 
it were established that the sections of the long sand 
pack behaved in the same manner as the small packs in 
experiment 3, where the residual oil content was pro- 
portional to the initial oil content, the lack of such a 
correlation in the data from this long sand pack would 
constitute evidence of bacterial oil release. Unfortu- 
nately, because of marked differences in the chemical 
nature, API gravity, and viscosity of the crude oils used 
in the two experiments, and because of differences in 
the techniques used in flooding the packs in the two 
experiments it cannot be assumed that the same re- 
lationships hold. Therefore, while the data suggest that 
bacterial oil release is operating in experiment 8, they 
do not constitute positive proof. 

The API gravity of the original crude and the crude 
recovered from each section of the pack by the terminal 
flood was determined. The variations were very slight 
(<2°API). All of the recovered oils had a lower API 
gravity than the original oil, probably due to evapora- 
tion during recovery. Thus there is no evidence that the 
bacteria had any effect on the crude oil. 


Tests on Sand Packs under Flowing Conditions 


Experiment 9 (table 9) was conducted with large 
Lucite tubes (115” by 3114”) mounted vertically and 
packed with clean sand. After saturating the packs in 


TaBLe 10. Oil recoveries from outcrop cores of Woodbine sar 
after incubation for 39 days at room temperature under 
intermittent flood with aqueous media 


Re- 
leased 
Oil 


Initial 


Contents Oil 


Sample No 


grams grams 
] Medium A, inoculated with 2.14 0.04 
1 in diam, 2 pore volumes of 314-3 


25% in 


long 
2 Medium A, sterile—no dis 1.62 
1 in diam, 


infectants 

25% in 

long 

Source of plugs: Sandstone outcrop, Woodbine, Tarra 
County, Texas. Characteristics of plugs: Bulk Vol. 29.8 n 
specific permeability to air 1280 millidarcies Oil: Healdton 
County, Oklahoma, 24° APT. Flooding conditions: Intermitte::t 
flood, 10 ml/day. 


the usual manner, and flooding out from the bottom up 
with 5 liters (17 pore volumes) of sterile medium, | 
liter (3.3 pore volumes) of medium containing the 
inoculum or germicide was passed through. An inter- 
mittent flood of 5 ml (about 0.5 inches) for each work- 
ing day was carried out with the sterile medium for the 
inoculated packs, and with the germicide-treated 
medium for the sterile packs, during the incubation 
period of 100 days. The flooding process resulted in 
gradual oil release from all packs over a 100-day in- 
cubation period. The Desulfovibrio bacteria grew we'll 
in both inoculated packs. However, the released and 
residual oil values showed no significant differences he- 
tween inoculated and sterile packs. 


Tests on Natural Cores 


The two experiments with natural cores, 10 and 11, 
(tables 10 and 11) were carried out with 1 inch diameter 
plugs in rubber sleeve permeameters using the same 
general methods as for most of the sand-pack experi- 
ments. The cores were saturated with nutrient medium, 
flushed with oil, and then flooded with many pore 
volumes of nutrient medium. They were then inocu- 
lated and incubated, then again flooded, and oil re- 
covery measured. 

Apparently in every case the pre-incubation flood 
had already recovered the essentially maximum 
coverable oil, as only an insignificant volume of oil 
ever recovered by the second flood. Thus the bact: 
although they always grew well and penetrated 
cores, Were unable to bring about any reduction 11 
residual oil content of the cores. 


Tests Using ZoBell’s Bottle Culture Method 


To reinvestigate the original method used by Z 
to demonstrate oil release by bacterial action, tw: 
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riments were performed using synthetic oil ‘sands’ 
125 ml glass-stoppered bottles. In the first experi- 
ent, samples of sand, marble chips, and crushed 
ster shell (all 20-60 mesh) were mixed with Talco, 
xas; Belridge, California; Fuhrman-Maschu, Texas; 
Wilmington, California, crude oils and placed in 125- 
) | glass-stoppered bottles. One series was prepared by 
ing these bottles with Medium AY and inoculating 
th all the stock cultures (more than 30) in the belief 
at the environmental conditions would favor the 
eg owth of any hydrocarbon-oxidizing strain which 
ight be present. Two series of sterile controls were 
) epared with 1 per cent formalin and | per cent mer- 
ric chloride. These bottles, 30 in number, were al- 
ved to incubate at 30 C for 85 days. No visible 
1ounts of oil were released from any of these synthetic 
iterials. 
Che second experiment of this type was more exten- 
e (used a total of 138 bottles) and had an addi- 
nal purpose—that of determining whether any of the 
cultures utilized the hydrocarbon materials. Samples 
of sand or crushed oyster shell (20-60 mesh) were mixed 
with Taleo, Belridge, or Fuhrman-Maschu crude oils 
or With n-cetane (52 g of sand and 2 g of oil, or 36 g of 
oyster shell and 2 g of oil per bottle) and placed in 125- 
m| bottles. Different series were prepared using three 
different media: 1) medium C, 2) medium CY, 3) 
medium AY, and using three cultures of Desulfovibrio 
as inocula: 1) all cultures received from ZoBell (a 
mixture of 9 cultures of Desulfovibrio); 2) creek water; 
and 3) 314-8 from old sand pack. One series of controls 
was prepared with media, base materials and inocula 
to determine the amount of hydrogen sulfide which 
would be produced from the media in the absence of oil. 
Two series of sterile controls were prepared using | per 
cent formalin or 1 per cent mercuric chloride. After 
64 days’ incubation at 30 C, all cultures were examined 
for released oil and sulfide titrations were performed 
using potentiometric titration with silver nitrate. Only 
insignificant traces of oil were released. In medium C 
none of the 24 cultures containing oil showed ap- 
preciakly more hydrogen sulfide than controls without 
oil. In medium AY, 2 out of 24 showed over 80 mg per 
liter more hydrogen sulfide in the presence of oil than 
in its absence, but both produced less sulfide than one 
of the controls, and therefore are not regarded as sig- 
nificant. In medium CY, 2 cultures of the 24 showed 
more sulfide than any of the controls. The experiment 
suggests that medium CY is superior to the others em- 
ploved for demonstrating hydrocarbon oxidation by 
sul'ate-reducing bacteria. Later experiments therefore 
em» loyed a similar medium, that is a dilute solution of 
yeast extract in a complete mineral salts medium. 
| roduction of surface active agents is one mecha- 
his} suggested by which bacteria might assist in the 
releise of oil from oil bearing formations. To test the 


TABLE 11. Oil recoveries from plugs of Wilcox sand after 42 days’ 
incubation at room temperature under intermittent flood with 


Aqueous Mle dia 


Oil Content, 
Volume 


Sample No Contents rreatment 


Ini Re Re- 
tial leased | sidual 
ml ml 


l Medium A, 
in diam, 


Incubated ; 0.3 
under flow 
1! yin long heat ing condi 


sterile by 


tions 
2 Medium A, 
in diam, 


Incubated un 
inoculated 
with 1 pore 
volume of 
‘Wy? 

3 Medium A, 
in diam, 


der flowing 


1 in long conditions 


Incubated in 
inoculated bottle 
with 1 pore 
long volume of 
“Pw”? 
4 Medium A, 
in diam, 


Ig in 


Incubated in 
sterile by bottle 
ll, long heat 


Source of plugs: Cores from Wilcox Formation, Chesterville 
Field, Texas. Characteristics of plugs: Bulk Vol. 12.8 ml. 
Iiffective permeability to medium A at end of incubation 
period 38 to 582 md. Oil: Fuhrman-Maschu, Texas, crude 
28° API. 


effect of surface-active agents on release of oil in the 
types of apparatus used in these studies, two experi- 
ments, using 20 bottles each, were conducted in 125-ml 
glass-stoppered bottles containing synthetic oil “‘sands’’. 
Samples of sand and oyster shell (20-60 mesh) wet 
with Talco crude oil in the proportions given in the 
preceding experiment, were placed in 125-ml glass- 
stoppered bottles. The base medium used was sterile 
medium A containing 0.05 per cent yeast extract. From 
this the following solutions to be tested were prepared: 

pH 

1 per cent Aleonox 9.2 

2. 1 per cent Aerosol. 5.0 

3. 1 per cent Twitchell Reagent 8.0 

. 1 per cent Aleonox plus 1 per cent formalin 9.2 

. L per cent Aerosol plus 1 per cent formalin. 5.0 

6. 1 per cent Twitchell plus 1 per cent formalin 6.5 
The pH of these solutions was not adjusted to neutral. 
None of the samples was inoculated. Sterile controls 
were prepared with 1 per cent formalin and 1 per cent 
mercuric chloride. The solutions were placed in the 
bottles containing oil ‘‘sands” and allowed to incubate 
undisturbed for 42 days. During this period no oil was 
released. They were then inverted several times and 
allowed to incubate 10 more days. Alconox alone then 
gave good oil release. Those maintained sterile with 
formalin gave the same results as the others. Since 
agitation of the sand would not occur in nature, the 

value of this method of observation is doubtful. 
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TABLE 12. Hydrogen sulfide titers of Desulfovibrio cultures 
incubated for 34 days at 37 C in the presence and absence of 
Talco, Texas, crude oil 


Inoculum Source Oil HS Differ- 
ence 


mg/l mg/l 

California water 0 172 
California water Present 83 —89 
California water 0 0.8 
California water Present 81 80 
California water 0 35 
California water Present 94 

C-10 California water 0 156 

C-10 California water Present | 23 

WT West Texas water 0 32 

WT-6 West Texas water | Present 

WT-7 West Texas water 0 

WT-7 West Texas water Present 

WT-8 West. Texas water 0 

WT-8 West Texas water 

3 pure culture | California water 0 

3 pure culture | California water | Present 

6 pure culture | Soil 0 36 

6 pure culture | Soil Present | 26 —10 


Present 


Another experiment was set up in the same manner 
as the one previously described except that the pH of 
the solutions was adjusted to the neutral range. Re- 
sults were essentially the same as recorded above. 

Utilization of Hydrocarbons by Desulfovibrio 

Since no organisms are known which can oxidize 
hydrocarbons anaerobically in the absence of oxidized 
sulfur or nitrogen compounds capable of serving as 
hydrogen acceptors, any anaerobic growth in a sulfate- 
containing medium free of such other hydrogen ac- 
ceptors, and containing a hydrocarbon as the sole 
energy source, is assumed to be the result of the action 
of sulfate-reducing bacteria. Hydrocarbon utilization 
in such a medium may be established by several analyti- 
cal methods: 

1. By measuring the decrease in the amount of hydro- 
sarbon after incubation. 

2. By determining total hydrogen sulfide content at 
intervals, since any oxidation of hydrocarbon must be 
accompanied by sulfate-reduction. 

3. By determining sulfate at intervals. 

The second method has been used more frequently in 
these studies than the other methods. Hydrogen sulfide 
was determined by the sensitive potentiometric method 
described in the section on experimental methods. 

Experiment 12 was performed with 38-ml glass- 
stoppered bottles containing 5 ml of Fuhrman-Maschu, 
Texas crude oil; one ml of a natural oil field water or 
a pure culture of Desulfovibrio as an inoculum, and 
filled with medium M1. After 16 days’ incubation at 
37 C, those cultures which failed to show growth of 
Desulfovibrio (seven) were discarded, and those which 
grew (nine) were transferred again using | ml inocula, 


TABLE 13. Hydrogen sulfide titers of Desulfovibrio culty 
incubated for 58 days at 30 C in the presence and absence o 
Talco, Texas, crude and n-hexadecane 


mg/l HeS in Presence « 
Culture Source 
Talco 


Cetane : 
crude 


314-3 Marine sediments 

Flood H.O Darst Creek flood 
water 

HC 29:137:4 

HC 29:136:3 

HC 29:136:4 


Marine sediments 
Marine sediments 
Marine sediments 
HC 29:136:5 Marine sediments 
HC 29: P130:2 Marine sediments 
30 Marine sediments 
11 Marine sediments 
All Seripps cul- | Marine sediments 
tures 
GP *10 California water 
sample 
Magnolia W. Texas water sample 
Tex. *7 
Magnolia S. 
Tex. #1 
GP #7 


Texas water sample 


California water 
sample 

California water 
sample 

California water 
sample 

Nodule From Lisbon unit 

strainer 


GP *9 


GP *8 


Sterile 


into fresh medium and Talco, Texas oil. After 34 days’ 
incubation at 37 C, all cultures were titrated potent io- 
metrically. Table 12 presents the data obtained in this 
manner. Six of the 9 cultures tested gave more sulfide in 
the absence of Talco crude oil than in its presence while 
the differences for the other 3 cultures can hardly be 
regarded as significant, as will be explained in the <is- 
cussion of experiment 13. 

The experiment just outlined contains a possible 
source of error. Improper fit of the standard-taper glass 
stopper in each bottle might allow sufficient gaseous 
interchange with the air to allow some of the produced 
hydrogen sulfide to be lost to the atmosphere or tv be 
oxidized by incoming oxygen, or the incoming oxygen 
might be sufficient to provide for some hydroca:! 
oxidation by aerobic bacteria. In event of the |: 
occurrence, sulfate-reducing bacteria, unable to u' 
hydrocarbons, could perhaps utilize the oxidation |) 
ucts produced by aerobic hydrocarbon-oxidizing 
teria, thus giving an erroneous impression that 
sulfate-reducing bacteria were able to oxidize h) 
carbons. All work in the literature where enrich 
cultures were used is open to this criticism; onl) 
paper (Rosenfeld, 1947) deals with this question 
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ven here there is doubt as to the purity of the Desulfo- 
rto cultures used. 

Experiment 13 (table 13) with 17 inoculum cultures 

Desulfovibrio eliminated this source of error. Glass 

poules 145 mm long by 20 mm outside diameter with 

}-inch entry tube of 6 mm tubing containing 20 ml 

medium CX and either 0.02 g of Taleo crude oil, 

etane, or no hydrocarbon were inoculated with one 
of Desulfovibrio culture. Sterile controls were pre- 
ovred for each series with 1 per cent formalin. After 
ng and inoculating, the ampoules were evacuated, 
shed with nitrogen, sealed with a flame and shaken 

30 C for 58 days. Sulfide determinations were made 

all three series. 

f a culture produces significantly more sulfide in 
th presence of oil than it does in the same medium in 
the absence of oil, this is evidence of hydrocarbon 
oxidation by Desulfovibrio. However, it is difficult to 
deiermine how great the difference must be to be sig- 
nificant. The presence of oil modifies the physiochemical 
environment of the bacteria, and may influence the 
sulfide concentration even though it is not utilized by 
the bacteria. 

\ study of table 13 is of assistance in making a de- 
cision as to the difference in sulfide titers to be taken 
as significant. Two of the cultures, HC 29:136:3 and 
GP 8, produced more sulfide from either n-cetane or 
Talco crude than any of the others (98 to 164 mg per 
liter difference). Other differences recorded, for those 
cultures giving more sulfide in the presence of oil, were: 
For Taleo crude, 4 and 38 mg per liter; for n-cetane, 25, 
39, 8, 83, and 29 mg per liter. Only the figure of 83 mg 
per liter approaches the values for the two most out- 
standing cultures. This culture, 8. Texas 1, will be con- 
sidered as showing utilization of n-cetane but not Talco 
crude. For screening purposes a difference of more than 
80 mg per liter of hydrogen sulfide will be accepted as 
evidence of oil utilization, provided that the culture 
containing oil also gives a higher sulfide titer than any 
of the controls without oil. Most of the cultures pro- 
duced more H,S in the absence of oil than in its presence. 

Cultures HC 29:136:3 and GP 8, the only ones which 
showed evidence of utilization of both cetane and crude 
oil, were subcultured into mineral medium C contain- 
ing 0.001 g per liter of methylene blue and 154 g per 
liter of emulsified n-hexadecane or of Taleo crude oil. 
The cultures grown in hexadecane medium were used 
in | ml quantities to inoculate the hexadecane medium, 
and the crude oil cultures were subcultured to crude oil 
medium. Cultures were grown in 96 ml of medium in 
sealed glass ampoules under nitrogen. After 59 days’ 
incubation at 30 C, the methylene blue was only partly 
decoiorized in the n-hexadecane cultures, but com- 
pletely decolorized in the crude oil cultures. Tests 
showed the presence of no sulfide in any of these cul- 


TABLE 14. Hydrogen sulfide titers of Desulfovibrio cultures 
incubated for 88 days at 30 C in the presence and absence 
of a mixture of Talco, Texas, crude oil and n-hexadecane 


mg/l HS in 
Presence of 
Sample 


oO. 


Source of Inoculum Cuticatt 

No oil hexadec 

ane 

mixture 

Tar sand 0 
Fresh water sediment 132* 
Soil ) 0 
Fresh water sediment 22% 158 
247* 
Soil 184* 
Mud from oil sump pit 111 
60* 
247* 

0 
302* 

26 
179* 

0 
158* 

0 

115 

Oil sand core 0 
0 

0 

0 

0 


Lake sediment and water 


Slough water 
Creek sediment 
Water from oil well 


Water from oil well 


46 
47 
48 Sterile control 


* Samples producing more H.S in the presence of oil than 
in the absence of oil. 


tures. Thus we were unable to confirm that these cul- 
tures could oxidize hydrocarbons anaerobically. 
Another experiment was performed with 48 samples 
of water and sediments, most of them collected from 
petroliferous areas in Canada where it was believed to 
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TaBLe 15. Hydrogen sulfide titers of Desulfovibrio cultures 
incubated for 81 days at 30 C in the presence and absence of 
a mixture of Talco, Texas, crude oil and n-hexradecane 


mg/l HeS in Presence of: 
Sample No. ; 
Crude oil n-hexadecane 
mixture 


No oil 


0 
38 64* 
23 21 
33 32 
34 43* 
43 37 
13 77 95* 
15 85 85 
28 47 26 
29 55 38 
31 13 29* 
Sterile control 0 0 


* Samples producing more H.S in the presence of oil than 
in the absence of oil. 
be likely that environmental conditions would favor the 
development of hydrocarbon-oxidizing Desulfovibrio. 
One gram of each sample was inoculated into each of 
two 30-ml glass stoppered-bottles. One bottle of each 
paii was filled with medium M2, and the other with 
medium M2 containing 5 ml per bottle of a mixture of 
1 volume of n-hexadecane with 3 volumes of Talco, 
Texas crude oil. After 88 days’ incubation at 30 C, 
sulfide titrations were performed, by the potentiometric 
method described, on each bottle. Table 14 presents 
the data. 

The limit of accuracy of the titrations is approxi- 
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mately +5 mg of H.S per liter. Therefore, cases 
which the H.S concentration in the bottle contain 


oil exceeds that in the bottle not containing oil by { -« 


mg per liter or more are considered to be possible cz 
of utilization of oil by sulfate-reducing bacteria. Ts 
14 reveals 11 such cases. One ml of each of these 
samples, marked by an asterisk in table 14, was tr: 
ferred from the oil-containing bottle to a fresh 30 
bottle of the same oil-containing medium. After 8 d: 
incubation at 30 C, one ml of each of these cult: 
was transferred to each of two ampoules of appr 
mately 100 ml capacity. One ampoule of each pair 
nearly filled with medium M38, and the other \ 
medium M3 plus 15 ml of the same oil mixture as | 

in the preceding experiment. The cultures were ev: 
ated, filled with nitrogen, sealed in a flame, and 
cubated for 81 days at 30 C, and were then titrate 
before. Table 15 presents the results. It will be n 
that 4 of the 11 inocula produced more H,S in the ab- 
sence of oil than in the presence of oil, 3 inocula j)ro- 
duced essentially the same amount of H.S in the ab- 
sence and presence of oil, and 4 produced more H. in 
the presence of oil than in its absence. In only one case 
is the sulfide produced in the presence of oil higher t lian 
the maximum value of the controls without oil. Even 
in this case, the sulfide value is only 10 mg per lite: 
above the maximum control titer. 

It is not possible to decide, on the basis of these ex- 
periments, whether the few isolated cases in which en- 
richment cultures of Desulfovibrio produced more sul- 
fide from dilute yeast extract medium plus oil than {vom 


TABLE 16. Summary of conditions and apparatus used in oil release experiments 


Size of Pack 


Effective 


or Core 


Diam 


Length 


im in 


Wg] 11% 


9! 


916 


2 


9lo 


1] 


* All variations on medium C- 


Type of 
Porous Medium 


Ottawa sand 
Ottawa sand 
Ottawa sand 
Marble chips 
Ottawa sand 


Ottawa & 
oyster 
Ottawa & 
oyster 
Ottawa sand 
Ottawa sand 
Sand core 
Sand core 


Particle 


Size 
Range 


mesh 


5-45 
5-45 
5-45 
20-60 
20-60 
20-60 
20-60 
35-45 
20-45 


? 


? 


Type of Oil 


Belridge, Cali- 
fornia 

Wilmington, 
California 

Belridge, Cali- 
fornia 

J. A. Smalley, 
Okla. 

Oklahoma 


Wilmington, 
California 
Taleo, cetane 


Taleo, Texas 
Taleo 
Oklahoma 
Fuhrman- 


Maschu, Texas 


see tables 9 and 10. 


Gravity 


API Nutrient 


of Oi| | Media Used 
14 | CM-1 

15 | Many 
media* 

Many 
media* 

AY 

AY 

AY 


AY 


Sterilizing 
Agent for 
Control 


Sat. 
HgCl. 
Heat 


Heat, 
HCHO 
Heat, 
HCHO 
Heat, 
HCHO 
Heat, 
HCHO 
Heat, 
HCHO 
Phenol 
HCHO 
Heat 
Heat 


Inoculum 


All stock 
cultures 
All stock 
cultures 
All ZoBell 
cultures 
All ZoBell 
cultures 
314-3 
314-3 
314-3 


Flood water 


Vol of 
Inoculum, 
Pore Vol 

or ml in 

Da 


lp.v.| 18 
5 ml 9 
1 p.v. 8 
i pv. 

1 p.v. 

1 p.v. 

1 p.v. 

25 ml 

3 p.v. 


2 p.v. 
1 p.v. 0.04 


Perme 
ability to 
Water, Oil 


Place, 


Tcys 


SO 


18 


28 


0.5 


di ut 
Ca be 
pe 


th 
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diute yeast extract medium alone represent hydro- 
ea bon oxidation by Desulfovibrio. Miller (1949) re- 
po ted that Desulfovibrio cultures grown on lactate in 
th» presence of small amounts of yeast extract can pro- 
‘e up to 2500 mg per liter of H.S in 3 days. The rates 
of sulfide production and the amounts of sulfide pro- 
ed in our experiments with hexadecane or crude 
were so low that they could have been caused by the 
ization of traces of non-hydrocarbon impurities in 
oils, or by some side reaction such as the oxidation 
i trace of hydrocarbon to fatty acids by some or- 
ism other than Desulfovibrio, using traces of dis- 
ed oxygen, or some other hydrogen acceptor present 
he yeast extract or other constituents of the medium, 
wed by oxidation of the fatty acid by Desulfovibrio 
the expense of sulfate reduction. Many different 
lia and growth conditions have been employed 
i hout providing unequivocal evidence of the oxida- 
tio: of hydrocarbon substrates by Desulfovibrio. In 
ou: opinion definite proof of the ability of sulfate- 
reducing bacteria to oxidize petroleum hydrocarbons is 
not to be found in the literature. It is hoped that further 
research will enable the publication of conclusive quanti- 
tative data to settle this point. 


DISCUSSION 

The mechanisms by which bacteria may release oil 
from porous rocks should be considered in connection 
with our knowledge of the physiology of sulfate-reducing 
bacteria. These bacteria do not produce large amounts 
of acids, gases or surface-active agents. It seems un- 
likely that the quantities of these products, which might 
be produced by sulfate-reducing bacteria, would affect 
oil recovery to a measurable extent. Our results agree 
with those of Beck (1947) and Kuznetsov (1950) in that 
sulfate-reducing bacteria attack crude oil extremely 
slowly and incompletely, if at all. This finding is con- 
sistent with the fact that several of the mechanisms ad- 
vanced by ZoBell to explain oil release by sulfate- 
reducing bacteria depend on the ability of sulfate- 
reducing bacteria to utilize crude oil as an energy source 
and to modify it chemically. 

Although sulfate-reducing bacteria probably act on 
petroleum too slowly to be of practical value in oil re- 
covery, it is recognized that there is evidence for an 
important role played by bacteria in the migration and 
accumulation of oil throughout geological time (ZoBell, 
1952), and sulfate reducers are probably of importance 
among the bacteria concerned. 
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SUMMARY 

Factors investigated in this study include: 1) Sand 
versus lime material in packs; 2) different strains of 
Desulfovibrio (6 enrichment cultures, some being mix- 
tures of several, comprising a total of 38 cultures of 
Desulfovibrio from marine sediments, including several 
hydrocarbon-oxidizing strains obtained from ZoBell, 
oil well brines from Texas, California, and Illinois, cores 
and creek mud from Texas); 3) types of oils (5 crude 
oils and | n-cetane-crude oil mixture): 4) many different 
aqueous media compositions; 5) two different methods 
of saturating the packs; 6) different volumes of inocula 
and various methods of inoculating the packs; 7) both 
static and flowing conditions during incubation. Eleven 
separate experiments, involving the use of 103. oil- 
containing unconsolidated packs of sand or calcareous 
material and six sandstone core samples, yielded nega- 
tive results, in that no increase in oil recovery could be 
brought about by the growth of sulfate-reducing bac- 
teria within the porous medium. 

Several of the mechanisms by which sulfate-reducing 
bacteria may release oil depend wholly or in part on 
the ability of the bacteria to utilize crude oil as an 
energy source, or to modify the crude oil. Studies on the 
oxidation of crude oil and n-hexadecane showed little 
or no utilization of these substances by any of the 
Desulfovibrio cultures available. It does not seem likely 
that sulfate-reducing bacteria can modify crude oil 
sufficiently to affect oil recovery in commercial quan- 
tities. 

It is concluded that the results of the tests reported 
herein have been sufficient in scope to render it im- 
probable that presently known strains of Desulfovibrio 
can be applied successfully in the field for the secondary 
recovery of oil. This conclusion does not preclude the 
possibility that a strain of Desulfovibrio could be 
found which will release oil from porous media under 
certain conditions. 
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Part I of this study (Stedman, Kravitz, and Bell, 
1954) was devoted to a survey of the relative anti- 
microbial activities of disinfectants on a nonporous 
(stainless steel) surface using a new performance test 
method. Since a wide variety of surfaces having dif- 
ferent compositions are encountered in practice, it was 
decided to extend the survey to other representative 
surfaces. This report summarizes the findings obtained 
on two porous surfaces (battleship linoleum and asphalt 
tile) using a test procedure similar in most respects to 
that employed in Part I. 


MATERIALS AND METHODS 


Except for the carriers, the same experimental method 
described in Part I was used in this study. Briefly, the 
method consists of contaminating the upper surfaces 
of one-inch square carriers with a mixture of Micro- 
coccus pyogenes var. aureus cells, Salmonella schott- 
muelleri cells, and Trichophyton interdigitale spores 

1 The opinions expressed herein are those of the authors 
and not necessarily similar to the views of the Department 
of the Navy. 


with or without normal horse serum, air-drying this 
inoculum, disinfecting the upper surfaces of the carriers 
with various dilutions of disinfectant for 10 minutes 
at 20 C, recovering the survivors by differential cultur- 
ing, and calculating the percentage survivals of the 
various species. 

In this study, two types of carriers were employe 
battleship linoleum and asphalt tile. Microscopic in- 
spection of the surfaces of the carriers indicated a dil- 
ference in the degree of porosity. Using low (75X 
magnification, the surface of the battleship linoleum 
was observed to consist of numerous, adjacent, | 
regularly-shaped pores of small widths and diam: 
The surface of the asphalt tile consisted of “‘patc ves’ 
of pores surrounded by nonporous material; most 0! the 
pores on the tile were much larger than those of lino:cum 
and of irregular widths and diameter. The battleship 
linoleum conformed to Federal Specification L! 
35la; the asphalt tile conformed to Federal Spe 
tion SS-3-306. 

All squares were sterilized by ultraviolet irradi tion 
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EFFICIENCIES OF DISINFECTANTS ON INANIMATE OBJECTS 


TABLE 1. Efficiencies of disinfectants on stainless steel, battleship linoleum, and asphalt tile 


Percent- 
age Re 
ductiont 


Recommended 


Product re 
. Use Dilution* 


Micrococcus 


pyogenes var. 


aureus 
*henolic A $2! J 1:130 
1:300 


‘*henolic B 1:910 J 7910 


71100 


‘resylic 1 J 2150 
7380 
hlorine type 1:5000 
Available Cl 
(juaternary A 1:750f 
1:4000§ 


Quaternary B 1:2500§ 


Detergent-sanitizer 1:5000 


73000 


Stainless steel 


Effective Dilutions (Active Ingredients) 10-Minute Exposure Time 


Battleship linoleum Asphalt tile 

Micrococcus 

pyogenes var 
aureus 


Micrococcus 
pyogenes Var 
aureus 


Trichophyton 


Trichophyton 
interdigitale 


Trichophyton 
interdigitale 


interdigitale 


130 1:26 739 
7250 1:38 750 


1:65 
1:130 


1:130 
1:180 
:730 34! 4 750 790 
7910 sq : 790 2180 


7150 my = ; 2150 
7230 : :200 


74000 : 275 2310 
74600 : 2158 -1:310 


<1:100 : ; 7100 
<1:100 : : 7350 


<1:100 2é : -1:100 
<1:100 ~ : 2100 


1:100 
1:400 


<1:100 
1:100 


Recommended by manufacturer and based on active ingredients. 


U = 99.99 per cent reduction (bacteria) and 99.9% reduction (fungus). L = 99.9 per cent reduction (bacteria) and 99.0 per 


cent reduction (fungus). 
t Recommended for use ‘‘against athlete’s foot organisms.”’ 
§ Recommended for ‘‘general disinfection use.’’ 


© Recommended for use where ‘‘contamination with infectious material has occurred.”’ 


before use. Sterility of the squares was checked by 
culturing representative squares, 

In most of the tests reported here, the squares were 
inoculated with the three test organisms cited above 
and normal horse serum was included in the inoculum. 
However, the number of S. schottmuelleri surviving 
disinfection was not determined in all instances since 
preliminary experiments had indicated that M. pyogenes 
var. aureus was equally or more resistant than S. schott- 
mucllert to all the disinfectants tested on the above 
carriers. 

The quantitative recovery of organisms from the two 
porous surfaces was checked in preliminary runs by two 
methods; plating the squares directly in agar or rinsing 
them in 20 ml of diluent and plating the diluent. No 
difference in quantitative recovery was noted between 
the two methods. Therefore the latter method was em- 
ployed throughout this work as well as that reported 
in Part I of the series. Tests were also run in which the 
same inoculum was used to contaminate asphalt tile, 
linoleum, and stainless steel squares. Essentially, the 
same number of organisms was recovered from all three 
surfsces using this method. 

Since high concentrations of phenolics and cresylic 
were tested (see below), the possibility of “carry-over” 
into ‘he agar was considered. In all cases, however, agar 
cont: ining serum as an inactivator gave the same num- 


ber of survivors as agar without serum. Since no indica- 
tion of “carry-over” was evident, no serum inactivator 
was therefore added routinely to the agar used for plat- 
ing survivors of these disinfectants. 

The same disinfectants tested in Part I (Stedman et al. 
1954) were studied in this work. Table 1 lists the dilu- 
tions of each disinfectant required to give the upper and 
lower limits of reduction against the two test organisms 
on battleship linoleum and asphalt tile in the presence 
of 10 per cent normal horse serum. Data on stainless 
steel taken from the previous work are included for 
comparative purposes. All dilutions are expressed in 
terms of active ingredient. In the case of phenolics and 
cresylics, soap is considered an active ingredient. As in 
the previous work, all data on products other than 
quaternary ammonium compounds A and B were ob- 
tained by testing the formulations and then calculat- 
ing the results on the basis of active ingredients, thus 
giving the ‘‘odd”’ figures encountered in table 1. 

Using linoleum as the test surface, the effective dilu- 
tions of all products were much lower than those ob- 
tained on stainless steel. In all cases, impractically high 
concentrations of disinfectants were required to achieve 
the upper limits of percentage reductions in a 10-minute 
exposure period. Comparing the effective dilutions on 
linoleum to the manufacturer’s claimed use dilutions, 
the order of decreasing efficiency was Cresylic, Phenolic 
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TaBLE 2. The efficiencies of disinfectants on surfaces of 
different porosities 


Use Dilu- | Use Dilu- | Use Dilu- 
tion Found tion Found | tion Found 

Product on Stainless, on Asphalt on 
Steel Tile Linoleum 

(A) (B) Cc 


Ratios of the Use 
Dilutions 


Phenolic A 1:130 1:65 226 50 . 20 
Phenolic B :730 1:50 248 07 06 
Cresylic. . 7150 1:150 2 00 15 
Quat A*.. :500 1:100 2: 20 05 
Quat B* 71000) <1:100 3 10 03 
Detergent 


sanitizer* 2500 <1:100 2100 .20 20 


* The indicated use dilutions are the weakest dilution giving 
99.99 per cent reduction of M. pyogenes var. aureus. 


TaBLE 3. Relative activities of two disinfectants against 
Micrococcus pyogenes var. aureus on surfaces of varying 
porosities in the absence of serum 


Battleship 


Per Cent Stainless Asphalt 
1 Linoleum 


> 4 
Product Reduction Steel “ile 


Phenolic A 99.99 
99.9 


Quat A 99.99 > 2000 


99.9 :9500 :500 <1:100 


A, and Phenolic B for these three products. The chlorine 
product showed the same distinct species-specificity 
noted on stainless steel: The activity against WV. pyo- 
genes var. aureus was of a low order but the fungicidal 
activity was the highest of any product tested. The 
quaternary products required high concentrations for 
antibacterial activity; the antifungal activity of these 
agents was of a low order, a shortcoming also found on 
stainless steel. ; 

Using the asphalt tile as the test surface, the effective 
dilutions of most of the products were higher than the 
effective dilutions on linoleum but lower than those 
found for stainless steel. The recommended use dilution 
of the cresylic product was effective in achieving the 
upper limit of percentage reductions. This was not true 
for the phenolics even though Phenolic A was superior 
to Phenolic B on this surface. The change in surface 
porosity from linoleum to asphalt tile did not appear 
to benefit the chlorine product. The quaternaries pre- 
sented the same general pattern of activity shown pre- 
viously on other surfaces, the lack of good antifungal 
activity still being apparent. The detergent-sanitizer 
was superior to the unformulated quaternaries against 
T’. interdigitale. 

Table 2 is designed to show another significant point 
in the data. The use dilutions determined in this study 
for the various products are presented for each of the 
surfaces. For the phenolics and cresylic, the weakest 
dilution giving the upper limits of reduction for both 


test organisms is taken as the use dilution. For t ¢ 


quaternaries, the weakest dilution giving the upper lin 
of reduction against M. pyogenes var. aureus is record 
as the use dilution. The chlorine product is not includ 
in this table. 

By calculating the ratios of the use dilutions on 1 \¢ 
various surfaces for each disinfectant, the losses 
activity due to variations in the porosity of the t 
surface can be compared for the various products. ‘| 
has been done in table 2 (columns 5 and 6). 

Among the quaternaries there was some indicat 
that Quat A was more effective in retaining its activ | 
on porous surfaces than the other quaternaries. 
quaternary products were affected to a greater ext 
than Cresylic and Phenolic A. 

Cresylic and Phenolic A were the most efficient 
retaining activity on linoleum and asphalt tile. Phen 
B, however, showed an unusual effect. The porous » ir- 
faces affected its activity drastically, the product 
taining only about six per cent of its activity on cha 
ing from a nonporous surface toa porous one (linoleu 

To observe the extent of inactivation by serum, ‘ 
of the above products, Phenolic A and Quat A, 
tested on asphalt tile and battleship linoleum in the 
absence of serum. 1. pyogenes var. aureus was the ouly 
test organism employed. The results are shown in table 
3. Included in this table are data obtained under com- 
parable conditions using stainless steel carriers; these 
data are from Part 1 of the study. Phenolic A retained 
its activity more effectively than Quat A in going from 
stainless steel to asphalt tile regardless of the endpoint 
considered. Battleship linoleum was again difficult to 
disinfect. The manufacturer’s recommended use dilu- 
tion of the phenolic was effective in achieving the lowe: 
endpoint on asphalt tile. The recommended use dilution 
of the quaternary (see table 1) was inadequate to attain 
the lower endpoint on the porous surfaces. However, 
by comparing data obtained in the absence and presence 
of serum for the two disinfectants (see tables 1 and 3), 
it can be seen that the quaternary product is inactivated 
to a lesser extent than the phenolic on the asphali tile 
surface. “i 

In the above work, the data indicate that different 
phenolic formulations are not affected in the same way 
by a change in porosity of the surface. One of them, 
Phenolic B, loses activity drastically on going from a 
nonporous to a porous surface. Several factors not 
described here indicate that certain physical prop: rties 
of a formulation may be affecting the rate of disinfe ‘tion 
of porous surfaces. Work is now in progress to iti est! 
gate such physical properties. 


Discussion 


Unfortunately, no standardized procedure f 
curate comparison of the degree of porosity of t! 
surfaces exists (A. C. Zettlemoyer, personal comm 
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m). In this work, qualitative information was avail- 
le through microscopic inspection as indicated above. 
me strong indications of a relationship between the 
gree of porosity observed microscopically and the 
unges in antimicrobial activity were found. In all but 
ingle instance, a marked loss in activity occurred in 
ng from a surface with a few, large patches of wide 

-res (asphalt tile) to one with numerable, small pores 
1oleum). 

The unusual behavior of Phenolic B was of special 

‘rest. Some suspicion of the role of physical forces 

enetrability”’) arises when the percentages of soap 

the use dilutions of the three formulations, Phenolic 

Phenolic B, and Cresylic are compared; Phenolic A 

| Cresylic contain 0.54 per cent and 0.27 per cent 

p respectively, whereas Phenolic B contains only 0.06 

cent. Phenolic A and Cresylic are affected in the 
ie general way by a change in surface porosity. 
nolic B loses activity much more drasticaily. An 
terrelation between some physical property related 
soap concentration and inherent antimicrobial ac- 
tivity on certain porous surfaces may be indicated. 
Studies on this interrelation are now in progress and will 
be reported at another time. 

it should be mentioned that no visible indication of 
chemical interaction between any of the disinfectants 
and the two surfaces was observed, at any time. 

The wide variation in antimicrobial activity oc- 
curring with the same disinfectant on surfaces of dif- 
ferent porosities (including stainless steel) serves to 
illustrate well the inadequacies of test methods which 
do not attempt to duplicate actual use conditions in 
some reasonable manner. On purely theoretical grounds, 
it would be predicted that test methods in which carriers 
are immersed in germicide or in which organisms are 
simply suspended in germicide are subject to different 
physical forces than methods in which germicide is 
spread on a surface. When carriers or organisms are 
immersed in germicide, immersional wetting occurs 
and the energy changes taking place at interfaces are 
different from those occurring in spreading wetting. 


In the performance test used in this study and also in 
the actual disinfecting procedure employed in disinfect- 
ing floors spreading wetting prevails. Surface tension, 
the sum of forces present at a liquid-air interface, does 
not play a role in the rate of immersional wetting 
(Weiser, 1939). Surface tension can influence bacterici- 
dal activity in immersional wetting through its effect 
on concentration at the solid-liquid interface as gov- 
erned by the Gibbs equation, but the relationship is 
based on different factors. In spreading wetting, how- 
ever, surface tension affects the degree of wetting pro- 
foundly through its influence on contact angle and on 
capillarity in the case of porous surfaces. It is apparent 
that consideration must be given to all these physical 
factors by devising test methods that attempt to du- 
plicate use conditions. 


SUMMARY 


In general, all of the disinfectants tested in this study 
require higher concentrations to disinfect porous sur- 
faces than nonporous surfaces. The cresylic product 
and one of the two phenolic products tested here retain 
their antimicrobial activities on porous surfaces more 
effectively than the quaternaries. However, the second 
phenolic product was significantly inferior to certain 
of the others on porous surfaces. It was noted that physi- 
cal factors may be playing a role in the disinfection of 
porous surfaces. 


In tests to determine the degree of inactivation by 
serum, one of the phenolic products was shown to be 
inactivated toa greater extent than a quaternary prod- 
uct on a porous surface. 
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A chemically defined medium is an important aid in 
the study of the synthesis of antibiotics by microorgan- 
isms. It affords a minimum of interference from ill- 
defined substances and the effects of various nutrients 
may be studied more effectively. 

The synthesis of erythromycin by Streptomyces ery- 
threus was studied with a chemically defined medium. 
This report discusses some of the metabolic changes 
observed during the fermentation. These changes in- 
clude growth, antibiotic production, hydrogen-ion con- 
centration, and carbohydrate and nitrogen utilization. 
The development of the chemically defined medium 
will be discussed in a separate paper. 

MATERIALS AND METHODS 


Organism. The organism used for this study is the 
same as that reported by McGuire ef al. (1952) when 
they announced the new antibiotic Ilotycin.' The pro- 
duction strain of this organism grows and sporulates 
well on a chemically defined medium of the type de- 
scribed below, although this is not true for many strains 
of this organism. 

Inoculum. Seventy-five ml of synthetic medium plus 
two per cent agar was placed in a two-liter Erlenmeyer 
flask and used as a sporulation medium. Each flask was 
inoculated with 2 ml of a saline spore suspension from 
an agar slant culture and incubated for 5 to 7 days at 
33 C. In the preparation of a vegetative inoculum, one 
of the agar flask cultures was flooded with 400 ml of 
synthetic medium and placed on a reciprocal shaker at 
28 C for 48 hours. One to two per cent of this inoculum, 
by volume, was used to inoculate fermentation flasks for 
the experiments. Identical results were obtained when 
vegetative mycelia, developed on a complex natural 
medium for 72 hours, were washed and used to inoculate 
the fermentation flasks. 

Equipment and conditions. Fermentations were made 
with 100 ml of medium in each wide mouth 500-ml 
Erlenmeyer flask. Closure was accomplished by secur- 
ing two gauze-faced cotton milk filter disks over the 
mouth of the flask with spring wire clips. All flasks were 
incubated at 28 C on a Gump rotary motion shaker 
operating at 250 rpm. A sufficient number of flasks 


1 ‘Tlotycin’ is the trade name for Erythromycin, Lilly. 


were inoculated in each experiment so that each fl: <{ 
could be discarded after a single sampling. All d: ia 
given, unless otherwise stated, represent the aver: ge 
of five flasks. 

Culture medium. The fermentation medium was eon- 
posed of glycine (either 0.1 or 0.2 m), sucrose (0.2 
potassium phosphate monobasic (0.02 M) and mig- 
nesium sulphate (0.005 m). One per cent by volume of 
a supplemental mineral solution was added which cvn- 
tained iron, zinc, cobalt, manganese, and copper to 
give 5, 5, 0.25, 3 and 0.25 micrograms of the respective 
metal per ml of culture medium. 

The data for this report were collected in two separate 
laboratories. The medium used in each laboratory was 
the same except for the level of glycine. This difference 
in medium, however, caused little difference in fermen- 
tation results, but an excess of glycine was left in the 
broth when 0.2 M levels of glycine were used. This point 
is being made only to make clear that 0.2 m glycine was 
used in the medium to collect the data for table 1, 
while 0.1 m glycine was used to collect the data for 
figure 1 and figure 2. 

Antibiotic production. The amount of erythromycin 
present in broth was determined by using a four hour 
turbidimetric assay, with Micrococcus pyogenes var. 
aureus as the test organism. 
¢ Growth. Packed mycelial volume was used to measure 
the extent of mycelial development. Aliquots of whole 
broth in graduated centrifuge tubes were centifuged for 
15 minutes at 2000 rpm. The volume of packed my- 
celium is an indication of growth which is sufficie:tly 
precise to give a growth curve of conventional shape. 

Hydrogen-ion concentration. The measurements were 
made with a Beckman line-operated glass electrode pH 
meter. 

Carbohydrate and soluble nitrogen analysis. ‘| otal 
-arbohydrate was determined through the use o! the 
anthrone reagent. Total nitrogen was determine: by 
Kjeldahl digestion, amino nitrogen with the Van > yke 
apparatus, and ammonia by distillation into stam ‘ard 
hydrochloric acid and back titration with so: ium 
hydroxide. 

Paper-strip chromatograms. Two dimensional p: >¢!- 
grams were prepared for the detection of chang: | in 
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BIOCHEMICAL CHANGES IN CHEMICALLY DEFINED MEDIUM 


TaBLE 1. Chemical changes in the synthetic medium inoculated 


with St reptomyces eryt hreus 


= Nitrogen Total 
Mycelial : 
: r Carbo- 
Volume | hydrate 
Total Amino |Ammonia “’~* 


Eryth- 


aye pH 
| romycin 


pg/ml mg/ml 
0 . 2.70 2.90 0.07 
6 ) ; 2.50 2.70 0.09 
65 6 7 75 .95 | 0.10 
154 5. 5. 45 45 0.05 
294 : ‘ 0 .90 0.13 
412 8.: b.f .5£ 0.46 
383 3. 5. 1.3 ae 0. 


ml/15 ml whole broth. 


amino acid content of the medium. Several solvent 
tems were tried but phenol saturated with 3 per 

t aqueous ammonia, stabilized with 0.1 per cent 
8-h ydroxyquinoline, and butanol-acetic acid-water 
(4:1:1) gave the most complete resolution and the most 
information. The amino acid spots were located with 
the aid of the ninhydrin reagent. 

Chromatograms of one dimension sufficed to sepa- 
rate the carbohydrates in the medium. The solvent 
systems used were butanol-acetic acid-water (4:1:1), 
80 per centethanol, and butanol-pyridine-water (6:4:3). 
Reducing sugars were detected by triphenyl tetra- 
zolium chloride, p-anisidine HCl, and by applying : 
spray of alkaline copper reagent, drying at 100 C for 
5 minutes, followed by a second spray with phospho- 
molybdic acid. Ketoses were detected both by Seli- 
wanoff’s reagent and by spraying the chromatogram 
with a butanol solution of phloroglucinol and hydro- 
chlorie acid followed by heat to develop the color. 

Simultaneous one-dimensional chromatograms on 
large sheets were run on equal samples of broth using 
4:1:1 butanol-acetic acid-water and spraying with 
ninhydrin or the carbohydrate reagents to get an over- 
all picture of the variations in amino acid and carbo- 
hydrates over a fermentation period of 14 days. These 
results are shown in figure 1 and figure 2. 

RESULTS 

The results given in table 1 are a composite of the 
quantitative determinations of several experiments. 
Antibiotic yields are expressed as micrograms per ml. 
The glycine content of the medium was 0.2 molar. 

These results are very similar to those observed in 
both penicillin and streptomycin fermentations. A 
clear-cut interpretation of the type of data involved 
here is impossible at the present time. 

H ,drogen-ion concentration. The pH of the chemically 
defied medium used in the work reported here is 
neutral or slightly above neutral at the time of inocu- 
lation, A continual decline in pH occurs until about 
four days post-inoculation. The exact pH value reached 
varies slightly from one experiment to another, but it 
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Fig. 1. Chromatogram of the carbohydrates in the fermen- 
tation medium as detected by the Seliwanoff reaction. De- 
scending columns of 4:1:1 butanol-acetic acid-water were 
run on daily samples of the fermentation broth. Glucose was 
determined in a similar manner by using the p-anisidine HCl 
reagent. Triphenyl tetrazolium chloride reagent was used to 
compare the aldose and ketose sugar spots. 


is in general slightly below pH 6.0. Since the sole nitro- 
gen source is glycine and the carbon source is sucrose, 
two possibilities are suggested: 1) The organism either 
utilizes the amino group from glycine and allows the 
‘arbon chain to accumulate in the medium, thereby 
increasing the acidity ; or 2) organic acids may be formed 
from the sucrose during the course of the fermentation. 
After four days the pH trend is reversed, and a pH 
greater than 8.0 is usually found at the end of the 
fermentation. The period of rapid rise in pH corresponds 
closely to the period of rapid increase in erythromycin 
potency. Rapid mycelial growth has stopped at this 
point. Near the end of the fermentation the carbo- 
hydrate and amino nitrogen levels in the medium are 
quite low and autolysis is evident. Part of the latter 
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Fig. 2. Descending paper chromatogram of the amino acids present in daily samples of the fermentation broth. A butanol-acetic hror 
. ( ( 


acid-water (4:1:1) solvent was used followed by a ninhydrin spray. The location of spots observed for known amino acids is shown bis 
by the printed names in the last column. Two dimensional papergrams were prepared to identify the amino acids. The dotted lines Thes 
locate spots that tend to fade out with enlargement of the photograph. A 
tect 
rise in pH may be attributed to autolysis of the my- only spots representing sucrose and/or aldose and ket ose with 
celium. sugars remain. On the fourth day no aldose sugar could Whil 
Carbohydrate. During the initial 48 hours of the fer- be detected. Only ketose sugar was left. This also dis- glyci 
mentation, very little change in total carbohydrate appeared by the sixth day of fermentation, leaving no plasn 
concentration occurs in the medium. As the organism detectable carbohydrate. In one experiment, the fer- 
begins to grow vigorously, carbohydrate is rapidly 
attacked. The amount of carbohydrate present de- 
creases almost linearly from the 48-hour level until six 
days when the sugar is exhausted for all practical pur- 
poses. It is of some interest, therefore, that carbohydrate 
consumption parallels erythromycin production, but 
supplementation of the medium with sucrose at any 
time during the course of the fermentation had no bene- , cigs 
ficial effect on antibiotic production. nitrogen, is very similar to that of carbohydrate u lia 
Paper chromatograms of uninoculated and inoculated tion. One difference that is apparent is an incre: <¢ 1! 
unfermented samples show a large portion of carbo- total nitrogen in the medium during the last day | the 
hydrate (figure 1) that is bound into a slower moving fermentation. This is a result of autolysis of th: my- 
material which was not identified. After 48 hours’ fer- celium. The increase is composed of nearly equa! arts 
mentation this slower moving material disappears and of amino and ammonia nitrogen. The nitrogen «the 


mentation was extended from seven to fourteen «ays. 
During the last eight days of the fermentation no s' rong 
carbohydrate reactions were detected. Some uni: citi- 
fied materials are present throughout the ferment ::tioi 
which reacted with the p-anisidine reagent. 

Nitrogen. The course of nitrogen utilization, «~ de- 
termined on the basis of total soluble nitrogen or «ino 
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medium, unlike the carbohydrate, was never completely 
extiausted. 
t is of considerable interest to examine the fate of 
‘ine, which was the original nitrogen source. Daily 
iples of broth were examined by paper strip chro- 
ography in two different laboratories. The rapid 
version of glycine was indicated by the decrease 
size of the glycine spot. Alanine was synthesized 
ing the first day of the fermentation, the concentra- 
reaching a maximum on the third day. Valine also 
ynthesized early in the fermentation. When 0.1 mM 
‘ine was used in the medium practically all amino 
is disappear at about four days, and they remained 
cult to detect during the following 48 hours. This 
plete disappearance of amino acids is rather dif- 
it to explain since the period of most rapid synthesis 
yrotoplasm has passed and cell growth, based on 
my ‘elial volume, is entering the stationary phase. It 
may be noted that amino acid disappearance occurs on 
the fourth day and coincides with, or is followed by, 
the following on the basis of time: 1) Rapid and greatest 
increase in antibiotic yield; 2) an increase in ammonia 
nitrogen; and 3) a rapid rise in pH. These observations 
vive credence to the idea that the carbon skeletons of 
the amino acids may be important to the production of 
erythromycin. After the sixth day of fermentation 
many amino acids were found in the medium in increas- 
ing amounts. Those identified with some certainty 
were: glutamic acid, aspartic acid, methionine, threo- 
nine, tyrosine, leucine and/or isoleucine, phenylalanine, 
serine and lysine. With less certainty, there were indi- 
cations of arginine, cysteine and histidine. Some un- 
identified ninhydrin-positive spots were present in the 
chromatograms. They may have been small peptides. 
These results are illustrated in figure 2. 
A point which must be kept in mind is that the de- 
tection of the amino acids enumerated above was done 
with broth from which the mycelium has been removed. 
While all of the amino acids were synthesized from 
glycine, some of them first became a part of the proto- 
plasm of the organism and then were released to the 


medium by autolysis. This makes any consideration of 
the concentrations of individual amino acids of little 
value during the latter stages of the fermentation. 
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SUMMARY 


‘An exploratory study has been made of biological 
changes occurring in a chemically defined medium 
during the growth of Streptomyces erythreus in shaken 
flask cultures. Data on nitrogen and carbohydrate 
utilization, amount of mycelium growth, and eryth- 
romycin content were obtained. The results are very 
similar to those observed in both penicillin and strepto- 
mycin fermentations. 

The course of carbohydrate utilization and amino 
acid formation was followed qualitatively by means of 
paper strip chromatograms. Amino acids could not be 
detected for a considerable period after the fifth day of 
incubation. Disappearance of amino acids coincides 
with initiation of the following changes—the greatest 
increase in antibiotic yield, an increase in ammonium 
nitrogen, and a rise in pH. 

A differential sugar utilization was observed. A 
slow-moving unidentified carbohydrate material dis- 
appeared first followed by disappearance of sugars, 
aldose sugar, and ketose sugars. 
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Before gamma irradiation can be evaluated as a 
technique for preserving food in tin cans, it is necessary 
that the amount of radiation required for sterilization 
be known. Although information is available concerning 
the sensitivity of bacterial spores in buffers (Proctor 
and Goldblith, 1951; Lawrence et al., 1953), such 
conditions are quite different from those existing in tin 
‘vans. It therefore seemed desirable to study the 
effectiveness of gamma radiation for killing the spores 
of anaerobic, food-spoilage bacteria that were inoculated 
into meat packed in No. 2 tin cans; data presented 
here correlate the quantity of gamma radiation from 
cobalt-60 required to produce sterility with the numbers 
of such spores present in the meat. 


MATERIALS AND METHODS 


Three anaerobic, spore-forming bacteria were used in 
this study. Putrefactive anaerobe no. 3679 came from 
the National Canner’s Association Research Labora- 
tory, while Clostridium botulinum, strains 62A and 
213B, were furnished by the Hooper Foundation for 
Medical Research at the University of California. 
Spore suspensions were prepared according to pro- 
cedures described by Reed et al. (1951); putrefactive 
anaerobe no. 3679 was grown in pork infusion broth, 
but Difco bacto-casitone was substituted for casein 
digest in the medium, specified by these workers, for 
clostridia. Stock spore suspensions were suspended in 
sterile distilled water and stored at 4 C. Samples of 
these suspensions were tested for heat resistance by 
C. W. Bohrer of the National Canner’s Association 
using the technique of Esty and Williams (1924). The 
results of his tests indicated that the spores were 
typical of those used to determine adequate heat 
processes for canned foods. Appropriate dilutions for 
inoculation into canned meat were prepared after 
counting the viable spores present in the stock sus- 
pensions (Reed et al., 1951). For this purpose, 0.1 per 
cent soluble starch was incorporated into the pork 
agar medium to aid germination of the spores (Wynne 
and Foster, 1948). 

All samples for irradiation were prepared from frozen 
ground beef. The meat was defrosted, placed in shallow 


1 This work was supported by Phoenix Project No. 41 of 
the University of Michigan. 


pans, and cooked for 30 min at 15 pounds ste m 
pressure. No. 2 tin cans* were then filled within |, 
in of the top with hot meat, covered loosely by «i 
lids, and sterilized at 121 C for 60 min. Following t) is, 
individual cans were removed from the autoclave as 
needed; their covers were aseptically lifted, and 1 | 
of a properly diluted spore suspension was injec ed 
into the geometrical center of the meat. This met)}:od 
of inoculation, of course, did not result in unif 
spore distribution throughout the meat but. rattier 
concentrated them in the center of the can. Fina\ly, 
the cans were sealed in a Western Type closing machine. 
Since the meat was still at a temp of about 95 C, the 
cans were immersed in running tap water for 30 min, 
which cooled the meat to an average temp of 20 C and 
produced a vacuum of about 28 in of mercury in the 
vans. The canned meat then continued to cool to the 
radiation room temp of 5 C. 

For irradiation, one can was placed on top of a 
second, and the two were taped together at the junction. 
These pairs of cans were then placed on turntables 
that rotated at 1 rpm and which were set around the 
periphery of the cobalt-60 radiation source in such 
positions that the central axes of the cans were 2! in 
from the outside shield. When these experiments were 
initiated, the radiation field delivered a max dosage of 
85,500 rep* per hr to meat in the center of the cans; 
thus, a dosage of 2,000,000 rep required an exposure of 
23.4 hr. However, the intensity of the field decayed 
somewhat during the course of the work. 

Radiation equipment and calibration data used in 
this study were described by Nehemias ef al. (154), 
and Lewis et al. (1954) respectively. For routine 
purposes, the dosage of gamma radiation was calculated 
as a function of can position in the radiation ‘ield. 
The calculation was based on a value of 10.5 in for the 
half-thickness of meat in a tin can and the da‘a of 
Lewis, et al. (1954) for this source of cobalt-60 gaima 
radiation. The half-thickness value had previously ee 
measured in this laboratory. In addition, dosag s oi 
gamma radiation actually delivered to the meat :: side 
the cans were checked using ferrous sulfate dosil 


2 The outside dimensions of the cans are 3%, by 4%¢ i 
3One rep unit is a dose of ionizing radiation capa 
producing energy absorption of 93 ergs per gram of tis 
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Inches Above Floor 


OQ in Air 

t 1 

Ome in Center of | 

No.2 Con of Meot | 
30 40. ~=— 50 60 70 80 $0 100 

Rep X 10> per Hour 

‘1G. 1. Ferrous sulfate dosimetry values in air and canned 
iburger at various elevations and at a distance of 2!4 in. 

n the outside shield of the cobalt-60 radiation source. 


hniques (Weiss, 1952). For this purpose, glass vials 
n high, !5 in outside diameter, and about !g9 in 
‘k were filled with a ferrous ammonium sulfate 
ition. The tubes were wrapped in cellophane and 
itioned in the meat on the vertical axes of the cans 
ich in turn were placed on turntables set around the 
balt-60 source as previously described. After irradia- 
1 for 15 min, the vials were removed, and the 
ition was analyzed for ferric iron with a spectro- 
photometer. Dosimetry values were obtained in air by 
locating vials of ferrous ammonium sulfate solution 
vertically, one above the other, also at a distance of 
21, in from the outside shield. Results of a calibration, 
including both kinds of data, are shown in figure 1. It 
will be noted that the intensity of the radiation varied 
with elevation along the vertical center line of the two 
cans of meat which were stacked, one on top of the 
other. Although the sterilizing values reported in this 
paper are max:levels reaching the cans in question, 
spores were injected into the geometrical center of the 
meat where the dosage of gamma radiation was about 
7 per cent below the max; min dosages received in the 
cans were considerably lower. 

Following irradiation, the cans of meat were incu- 
bated at 37 C. Some of those that swelled were covered 
with a cotton pad, punched, and the odor of the 
escaping gas was noted. Other swelled cans were 
aseptically opened and subcultured. For this purpose, 
approximately 5 g samples were removed and trans- 
ferred to each of three test tubes of veal infusion 
medium (Cameron, 1937) containing 0.1 per cent 
soluble starch. Confirmation included a second transfer 
to veal infusion medium and, in some cases, to pork 
infusion agar; the latter was overlayed with 2 per cent 
plain agar and this, in turn, with petrolatum. A similar 
procedure was followed for cans that did not swell 
except that they were removed at intervals after 
storage. 

I: was of interest to know whether the Clostridia 
tha’ grew in the meat produced toxin. For this purpose, 
0 ¢ of meat were taken from a swollen can and placed 
along with 100 ml of physiological saline in a sterile 


250-ml Erlenmeyer flask containing glass beads and 
sand. These were agitated together on a shaker that 
rotated at 350 rpm on a !% in radius. The extract was 
centrifuged, the supernatant liquid passed through a 
Seitz filter, and 0.1 ml of the filtrate injected intra- 
peritoneally into each of 5 mice. For controls, a portion 
of the filtrate was boiled 2 min before it was similarly 
injected into 5 mice. 


RESULTS AND DiIscusSION 
Tables 1 and 2 show the fractions of groups of cans 
that swelled during incubated storage at 37 C following 
inoculation with anaerobic spores and irradiation with 
gamma rays from cobalt-60. On being opened, those 
cans that swelled liberated putrid odors, and the meat 


inoculation with various bacteria and irradiation 


TABLE 1. Development of gas in No. 2 cans of meat following 


: Inoculumt 

Gamma Ray 

Treatment* 

REP X 106 Clostridium botu- | Clostridium botu Putrefactive 

linum, strain 62 A linum, strain 213 B anaerobe no. 3679 
Fraction of cans developing gast 

Control B§ 

Control H§ 

2.0 

5 

0 

5 

0 
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0 0/2 


or 
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* Irradiation with cobalt-60. 

+ Inoculated with 40,000 bacterial spores per gram. 

t Incubation at 37 C for a period of at least 1 month. 
§ Control B = Uninoculated and unirradiated. 

{ Control H = Inoculated but not irradiated. 


TABLE 2. Development of gas in No. 2 cans of meat following 
inoculation with different amounts of spores of Clostridium 
botulinum 62A and irradiation. 


Number of Spores of Clostridium botulinum 62A 


Soman Soy per Gram of Meat 
REP X 106 


| | 
400 | 4,000 | 40,000 


4 | 40 


Fraction of cans developing gast 

Control Bt 3 | 0/4 0/5 0/2 | 
Control H§ 5/5 3/3 4/4 3/4 

0.5 2/2 

‘i 2/2 

Dee | 2/2 ; 
1/4 2/2 : 4/4 
0/4 2/3 2/4 
0/2 | 2/6 1/4 
0/4 y 0/4 
0/2 0/4 

0/2 

0 0/2 


bo 


oo 0 bh 


ww 


oe 
yt 


*+7 Irradiation with cobalt-60. 

+ Incubation at 37 C for a period of at least 1 month. 
¢t Control B = Uninoculated and unirradiated. 

§ Control H = Inoculated but not irradiated. 
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was foamy. When the meat was subcultured, the 
organisms recovered in every instance were the same 
as those originally inoculated into the meat. The 
controls showed that the meat was sterile before 
inoculation. 

Those cans that did not swell were still under 
vacuum when removed from the incubator and sampled. 
The meat had the normal appearance of cooked 
hamburger but had a slight odor that is common to 
cooked meat that has been subsequently irradiated. 
Sampling of these unswollen cans has been carried out 
over a period of 6 months but has not yet been finished. 
The extended incubation period was designed to detect 
delayed germination if it should appear. Subcultures 
made from the meat indicated that those cans were 
sterile which had not swollen after 1 month’s incubation 
at 37 C. Although an occasional contaminant was found 
in one of the three tubes of veal infusion medium 
inoculated from each can, the kind of organism origi- 
nally inoculated into the heat-sterilized meat was never 
recovered from subculture tubes of cans that did not 
swell. 

Spores of C. botulinum, strain 62A, are slightly more 
resistant to gamma radiation than those of C. botu- 
linum, strain 213B, (table 1). Also, spores of putre- 
factive anaerobe no. 3679 are more easily killed than 
those of either strain of the toxin-producing clostridia. 

Table 2 and figure 2 show that the amount of gamma 
radiation required to sterilize meat varies linearly with 
the log of the spore concentration. Thus, 2,500,000 rep 
were required to sterilize meat in which 0.4 C. botu- 
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REP X 108 GAMMA RAY DOSAGE 


























0.4 © 40 400 40000 
NO OF SPORES PER GRAM OF MEAT 
Fic. 2. The dosage of gamma radiation from cobalt-60 re- 
quired to sterilize canned hamburger containing spores of 
Clostridium botulinum, strain 62A. 


linum, strain 62A, spores were present per g of me; 
while 4,000,000 rep were needed when the concent: 
tion was 40,000 such spores per g of meat. 

Toxin production was established for both strains 
C. botulinum by the mouse inoculation test using ca js 
which were selected at random from among those th «t 
developed gas during regular experiments. 

All the irradiation experiments reported in tis 
paper were carried out under refrigeration since 
work was done during the winter when the radiati 
room temp was about 5 C. In this manner, the po: -i- 
bility of spore germination during irradiation \. .s 
eliminated as a factor that might otherwise hs ve 
affected our results, 


SUMMARY 


The sterility dosage for canned beef increased from 
2,500,000 to 4,000,000 rep of cobalt-60 gamma radia- 
tion as the concentration of spores of Clostridi:m 
botulinum, strain 62A, increased from 0.4 to 40,000 per 
g of meat; using 40,000 spores of C. botulinum, strain 
213B or an equal no. of putrefactive anaerobe no. 3674 
spores per g of meat, sterilization occurred at 3,500,000 
and 2,500,000 rep respectively. 
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\ meaningful investigation of the relationship 
ween moisture and the heat resistance of bacterial 
lospores the availability of adequate 

al ounts of clean spores and vegetative cells and the 
- of simple, dependable methods for the determina- 


un of moisture content and moisture activity in the 


requires 


is and spores. It is possible that failures in one or 

th of these requirements account for much of the 

fusion and contradiction that exists in the literature 
yertaining to this subject. 

Che work with the 
production of spores in quantity and the subsequent 
study of the moisture activity in spores and vegetative 


reported here is concerned 


cells as manifested in equilibrium vapor pressures at 
various moisture An additional series of 
experiments shows the relative affinity for moisture 
exhibited by spores and vegetative cells. 


contents. 


The relationship between moisture and heat de- 
naturation of proteins led to the investigation of the 
moisture content of bacterial endospores for the 
purpose of finding an explanation for the spore’s heat 
resistance. The results of such investigations (Drymont, 
I886, and Lewith, 1890) indicate a moisture content 
for spores that is lower than that of vegetative cells. 
It was postulated that the spore is more resistant than 
the vegetative cell because there is less moisture in the 
spore and that the spore membrane acts to retard the 
entrance of moisture. 

Virtanen and Pulkki (1933) investigated the hygro- 
scopic properties of spores and vegetative cells. They 
found no difference in moisture affinity in the range of 
humidities studied. These workers concluded that there 
is no basis for the earlier theories pertaining to the 
spore membrane’s ability to inhibit the exchange of 
moisture between the interior of the spore and its 
surroundings. 

The concept of bound water was developed as an 
explanation for winter hardiness in certain plants 
and insects. There is evidence (Gortner, 1930) that 


‘his paper is part of the thesis material submitted by 
Donald G. Waldham in partial fulfillment of the requirements 
for ‘he Ph.D. degree 

his work was made possible by funds provided by the 

Army Quartermaster Corps. 
resent address: Rocky Mountain Lab., Hamilton, Mont. 


much of the water in the tissues of these organisms is 
bound in some manner to prevent its disrupting the 
tissues by freezing. Extension of the bound water 
concept to bacterial spores as an explanation for heat 
resistance followed in succeeding years. Friedman and 
Henry (1938) attempted to measure the bound water 
in spores and vegetative cells using a modification of the 
eryoscopic technique developed by Newton and 
Gortner (1922). The results obtained by this method 
indicate that spores contain twice as much bound 
water as the vegetative cells. Thus, they concluded 
that bound water might play a significant role in the 
phenomenon of heat resistance. 

Current interest in problems concerned with the 
preservation of dehydrated foods and drugs has led to 
some recent studies of the relationship between moisture 
and heat resistance (Bullock and Tallentine, 1952). 


MATERIALS AND MetTHODS 


Organism. A member of the genus Bacillus, which 
has been described by Stewart and Halvorson (1953), 
was used in these studies. This organism was chosen 
since it sporulates readily in a relatively simple liquid 
medium. 

Production of biological materials. Large quantities of 
spores were obtained for this work through the coopera- 
tion of the United States Department of Agriculture, 
Northern Utilization Research Branch, Peoria, Illinois. 
With the aid of their pilot plant facilities, a 500 gallon 
culture of the organism was grown. The ‘““G”’ medium 
described by Stewart and Halvorson (1953) was used 
for this culture. The growth was accomplished in two 
batches in a 600 gallon capacity fermentor with the 
temperature maintained at 30 C. Approximately 100 
per cent of the cells sporulated in 96 hours with con- 
tinuous stirring and aeration. The spores and remaining 
vegetative cells were then separated from the spent 
medium by centrifugation with a commercial model 
Sharples Super Centrifuge. The cake from the centrifuge 
bow! was washed twice by resuspending the material in 
water and repeating the centrifugation. The twice- 
washed cake was then frozen. 

Portions of the frozen cake, of a size that could be 
handled in the laboratory (approximately 200 g), were 
allowed to thaw and were further washed by re- 
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suspension in distilled water and centrifugation in a 
model G Sorvall Centrifuge. It was found that two 
layers were formed in the cup during centrifugation. 
Microscopic examination of these layers disclosed that 
the upper layer contained essentially all the spores, the 
bottom layer being composed of vegetative cells and 
debris. It was possible to effect a rapid purification of 
the spores by separating the layers. After six washings 
and separations, only the spore layer remained. This 
material was found to be free of vegetative cells and 
debris when examined microscopically in both stained 
and unstained preparations. 

The clean spores were spread out in an evaporating 
dish and dried over P,O; under reduced pressure (less 
than 0.05 mm Hg). The resulting dried spores are a 
light, white powder. A yield of approximately 2 pounds 
of clean, dry spores was obtained. The dried spores 
were stored in a desiccator over anhydrous CaSQ,. 
These spores, tested immediately after drying, proved 
to be 100 per cent viable as determined by comparison 
of plate counts with direct microscope counts. After 
storage in the desiccator for a period of nine months, 
they were 60 per cent viable and 100 per cent of the 
viable spores were resistant to a 5 minute heat treat- 
ment at 80 C. There were approximately 5 X 10% 
heat resistant spores per g of this material. 

In addition to the dried spores, a smaller quantity of 
“wet” spores was prepared from the growth in a 15 
liter culture. The “G’’ medium was used for this 
culture and the procedure followed was identical with 
that already described except that the clean, wet 
spores were stored in a frozen state rather than being 
dried. 
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Fig. 1. Diagrammatic sketch of sample tube-sensing ele- 
ment assembly for electric hygrometer. 
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Vegetative cells used in these experiments wee 
harvested from two 15 liter cultures using the ‘“( 
medium in which the glucose concentration had be: 
increased to 30 g per liter and from which Mns\ 
was omitted. These changes are made in the mediu 
when used for the production of vegetative cells sin 
the increased glucose and the absence of mangane 
both retard the formation of spores by this organisn 
(Greenberg, 1953). A heavy growth of vegetative ce! 
is obtained after approximately 20 hours incubation wit! 
strong aeration. 

The vegetative cells were harvested by centrifug: 
tion with an air driven, laboratory model Sharp|: 
Super Centrifuge. A yield of approximately 2 g of wet 
cells is obtained per liter of medium. The resulting ce] 
‘ake was washed by the same method as used in the 
preparation of spores. Part of the clean cells were 
stored in the deep freeze, the rest were frozen, vacuum 
dried over POs, and stored in the desiccator with the 
dried spores. 

Determination of moisture content. The weight lost 
through drying in an atmospheric oven at 110 C was 
chosen as a measure of the moisture content of spores 
and vegetative cells. Samples were dried to constant 
weight in an electric oven ventilated by a continuous 
stream of air that had been dried by passage over 
anhydrous CaSO,. The results of such determination 
are subject to error due either to volatilization of non- 
water components or to incomplete removal of moisture. 
These errors are minimized by the proper choice of 
oven temperature and the ventilation of the oven 
(Willits, 1951). The choice of oven temperature used in 
these experiments was based upon the relationship 
between oven temperature and weight loss of the 
spores and vegetative cells (cf. figure 2). 

Measurement of moisture vapor pressure. The activity 
of a solvent is related in a very simple fashion to its 
vapor pressure when the vapor pressure is sufficieiitly 
low to allow adequate description of its behavior by 
the ideal gas law (Klotz, 1950). In such a situation 
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where a = activity of the solvent, p = vapor pres: ure 
over the solution, and p; = vapor pressure of | ure 
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solvent in a reference state. The vapor pressures 
encountered in these experiments are low and should 
therefore be a reliable index of the activity of the 
moisture in these materials. 

‘wo independent methods were used to obtain 
measurements of the vapor pressures exerted by the 
moisture in the spores and vegetative cells. Most of 
the data were obtained through the use of a manometric 
method described by Vincent and Bristol (1945). In 

method, the moisture present in the apparatus is 
froven, the air present is pumped out, the moisture is 
allowed to thaw and equilibrate between the sample 
and the atmosphere in the apparatus. The vapor 
pressure is measured manometrically as the difference 
between the pressure existing when the moisture is 
froven (after air has been removed) and that existing 
when equilibrium has been established between the 
spores or vegetative cells and the moisture vapor. When 
equilibrium is established the spores or vegetative cells 
are analyzed for moisture content. In these experiments, 
the equilibration took place at 25 C. 

A Model 4-4900 Aminco-Dunmore electric hy- 
grometer! was used as an independent means _ of 
measuring vapor pressure. The operation of the 
instrument depends upon the change in electrical 
current through a thin film whose electrical con- 
ductivity varies with the amount of moisture present. 
The current is measured with an ammeter that has 
been calibrated to read in terms of per cent relative 
humidity. Per cent relative humidity is converted to 
vapor pressure by multiplying by the vapor pressure 
of pure water at the temperature in question and 
dividing by 100. 

In the adaptation used, the spores and vegetative 
cells are placed in a closed tube along with the sensing 
element (figure 1). Readings are made until equilibrium 
is established. Samples of the spores or vegetative cells 
are then removed for moisture content determinations. 

The electric hygrometer has advantage in that it is 
not necessary to evacuate the system and this eliminates 
problems of leakage sometimes encountered in using 
the manometric method. However, there is a disad- 


vantage in that 24 to 36 hours are required for equilibra- 
tion as compared to 8 to 12 hours in the case of the 
manometric method. 


RESULTS 
The relationship between oven temperature and results 
of moisture determinations. The purpose of this set of 
experiments is to allow logical choice of temperature 
lor use in moisture determinations. Ideally, one should 
se a temperature which will bring about the evapora- 
tion of moisture only. The best approximation of this 


‘Obtained from American Instrument Company, Silver 
Springs, Maryland. 


TABLE 1. The effect of oven temperature on results of moisture 


content determination for spores and vegetative cells 


Moisture content (W 


(g H2O/g Dry Solids) W/Wuo 


Oven 
Temperature 
Vegetative 

cells 


Vegetative 


Spores cel 
> 


Spores 


c 
OS 
105 
110 
114 
120 
125 


96 
00 
.00* 
O01 
05 
.06 


to bo 


St bo 


bw et 


* Reference value. 


temperature is found by consulting the temperature vs. 
weight loss relationship for the materials being dried. 
The results of the study of this relationship for spores 
and vegetative cells are presented in table 1 and figure 
2. The results are presented in the form of the ratio 


W 
W 110 


moisture content determined at a given temperature 
moisture content determined at 110 C 


which is a measure of the ratio of the weight loss at this 
temperature to the weight loss at 110 C. The use of 
this ratio serves to place the results on a common 
basis. 

The curve in figure 2 shows that 110 C falls approxi- 
mately in the middle of the flattest portion of the 
curve. It can be seen further that the points for both 
spores and vegetative cells follow the same curve. 

The relationship between moisture content and equi- 
librium vapor pressure. The equilibrium vapor pressures 
and moisture contents of dried spores and vegetative 
cells that had been allowed to rehydrate were measured 
by methods previously described. The results are shown 
in table 2 and are presented in graphical form in figure 
3. The rehydration was accomplished by exposing the 
Q, 100 1 
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Fig. 3. Relationship between moisture content and equilib- 
rium vapor pressure for spores and vegetative cells. 
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TABLE 2. The relationship between moisture content and TABLE 3. The relative moisture affinity of spores and 


equilibrium vapor pressure in spores and vegetative cells vegetative cells 


Moisture 
Content 
(final) 

(g Water/g 


Moisture 

Content 

(initial) 
(g Water/g 
Dry Solids) 


Spores Vegetative Cells 
Amount of 
Sample 


Per 
of \ 


Per cent 
of Vapor 
Pressure 
of Pure 
Water 


Per cent of 
vapor pres 
sure of pure 
water at 25°C 


Per cent of 

Moisture Vapor vapor pres- 
content pressure* | sure of pure | 
water at 25Ct 


Moisture Vapor 
content pressure 


Dry Solids) Pres 
cf 


g water/ 


g dry solids mm Hg 


g water/ 


gdry solids mm Hg 


Spores 


Vege 
tative 
cells 


Vege- (initial 


Vege- 


Spores tative Spores tative 


cells 


cells 


7 


a 


0.03 1.0 
0.04 

.06 

10 

5 

24 

.26 

.76 


43 


.03 
04 
10 
12 


or 


or or 


~ 
So 


* Vapor pressure measured at 25+1°C. 
+ Vapor pressure of water at 25°C = 24.5 mm Hg. 


spores and cells to a moist atmosphere provided by 
storing the materials in a stoppered flask which 
contained an open tube of water standing upright in 
the flask. A layer of spores or cells approximately 1 
em in depth covered the bottom of the flask. This layer 
was mixed about twice a day by tilting the flask to 
insure even moisture distribution. Samples for the vapor 
pressure determinations were removed from the flask 
at intervals of approximately 2 days, depending on the 
degree of rehydration desired. The flask was kept at 
room temperature and spores that had stood in the 
flask over 10 days were discarded, since by this time 
some germination may have taken place. If an experi- 
ment required spores with more than about 0.25 


g water 


additional water was added (with 


g dry solids’ 
thorough mixing) directly to the partially moistened 
spores. The vapor pressure was read as soon as possible 
to minimize germination. 

It is noteworthy that the two curves in figure 3 
become divergent above moisture contents of approxi- 


g water 


mately 0.2 and that the vapor pressure 


g dry solids 
of the vegetative cells remains lower than that of 
spores of equal moisture content. 

The relative moisture affinity of spores and vegetative 
cells. It would be expected from the nature of the 
curves in figure 3 that vegetative cells would have a 
greater affinity for water than spores. Evidence that 
this is the case can be shown qualitatively by adding 
water directly to dried spores and vegetative cells. 
When this is done, the vegetative cells appear to be 
more easily wetted. 


g g 

0.5 : .23 
0.5 . 3 .29 
0.7 2 Al 41 
0.7 .3l 31 


Information of a quantitative nature was obta 
by placing samples of spores and vegetative 
having nearly the same moisture content in a c| 
the two materials were physic 
separated but had their surfaces exposed to the s 
atmosphere, thereby allowing equilibration through | 
gaseous phase. 


vessel so that 


This was accomplished by placing spores in 
sample tube of the apparatus used for measuring vs 
pressure and inserting into the sample tube a smaller 
tube containing the vegetative cells. The results ar 
given in table 3. 

It should be noted in experiment No. 1 of table 3, 
that both spores and vegetative cells arrived at {inal 
moisture contents such that they had the same vapor 
pressure (cf. figure 3). In the remaining experiments, 
this point had not been reached in the time that 
elapsed during the experiment (one week). However, 
there was a loss of moisture by the spores with a 
concurrent gain by the vegetative cells. A sample of 
the spores used in experiment 2 was 100 per cent viable 
after being heated at 80 C for 5 minutes at the beginning 
of the experiment. It was found that at the end of the 
experiment only 75 per cent of such a sample was able 
to resist an identical heat treatment. 

Attempts to measure vapor pressure of “oriyinal 
moisture’. The vapor pressure vs. moisture content 
relationship shown in figure 3 was determined for 
spores and vegetative cells that had been vacuum 
dried over P.O; and then rehydrated. The possibility 
exists that this relationship might not hold for these 
materials if they had not been subjected to this ‘nitial 


TABLE 4. Equilibrium vapor pressure and moisture co) 
partially dried spores and vegetative cells 


Spores Vegetative Cells 


Per cent of 
vapor 
pressure of 
pure water 
at 25 C 


Moisture Vapor 
content pressure 


Moisture Vapor 
content pressure 


g waler/g 
dry solids 


0.3 23 


mm Hg 


g waler/g 
dry solids 


1.2 


mm Ig 
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drving. Changes in the organization of the cells and 

spores could occur during the drying such that the 

water added in the rehydration would behave dif- 

ntly from that originally present. To investigate 

possibility, two experiments were run and the 

salts are given in table 4. 

‘rozen spores and vegetative cells were partially 

d in the same manner as used for the complete 

ing of materials used in previous experiments. The 

ilibrium vapor pressure and moisture content of 

partially dried material were then determined in 
manner previously described. 

he results of these experiments are questionable due 

he fact that it was impossible to obtain a uniform 

ir: ing with the method employed. The material at the 

race of the mass of spores or vegetative cells was 


ight nearly to the dryness while the center of the 
ma-s had lost practically no water. When the materials 
wee removed from the sample tube for the moisture 
determination, it was obvious that the moisture present 
was not evenly distributed through the mass. 


DISCUSSION 


Qven drying as a means of determining moisture 
content can be expected to give dependable results if 
proper precautions are taken. The oven should be 
ventilated and a temperature should be chosen that is 
suitable for the materials being dried. These conditions 
were met in the work reported here. An additional 
precaution was inserted when the temperature vs. 
weight-loss relationship was determined. That is, the 
samples used in this determination had moisture con- 

g water 

tents greater than 0.2 ; 
g dry solids 
above which the differences in the vapor pressure vs. 


(the moisture level 


moisture content relationships are observed). The tem- 
perature selected (110 C) represents a reasonable com- 
promise between the lower temperatures at which the 
moisture may not be completely removed and the 
higher temperatures which may volatilize some com- 
ponents other than water. The close agreement be- 
tween the results for both spores and vegetative cells 
shows that the same temperature vs. weight-loss rela- 
tionship exists for both. The error in the moisture 
determinations themselves is estimated to be within 1 
per cent. Sources of indeterminant error such as auto- 
oxidation and volatilization of nonwater components 
may add to the uncertainty, but, since the materials 
both show the same temperature vs. weight-loss rela- 
tionship, these errors should not affect the nature of 
the »apor pressure vs. moisture content relationship. 

Vipor pressure, as a measure of the activity of mois- 
lure. is not complicated by the necessity for additional 
materials in the system being studied. Only the ma- 
teria’. of concern are present, the spores or vegetative 
cells «nd the moisture. The readings are direct, thus 


eliminating error introduced through calculations. The 
error in vapor pressure measurements with either of 
the methods employed is estimated to be within 2 per 
cent in terms of per cent of vapor pressure of pure 
water. The values near 100 per cent of the vapor pres- 
sure of pure water are more uncertain since some of 
the spores will germinate under these conditions and 
there may be some autolysis of the vegetative cells. 
The results of experiment 1 of table 3 are as would be 
expected if the vegetative cells have a greater affinity 
for moisture than the spores. In the remaining experi- 
ments, there was also a depletion of moisture from the 
spores and a gain of moisture by the vegetative cells, 
but the moisture transfer did not proceed to the extent 
noted in experiment 1. That is, the final vapor pres- 
sures of the spores and vegetative cells were not equal 
as would be expected if the moisture transfer had gone 
to completion. The germination of the spores at the 
higher moisture contents used in experiments other 
than No. 1 probably tended to cancel out the driving 
force for moisture transfer. The 25 per cent loss in heat 
resistance noted in the spores of experiment 2 indi- 
cates that this is the case. 

In the attempt to measure the vapor pressure of the 
original moisture in spores and vegetative cells (table 
1), it was found that the variation in moisture content 
determinations on replicate samples was approxi- 
mately ten times that experienced in experiments 
using spores and vegetative cells that had been ini- 
tially dried and then rehydrated. This, plus additional 
sources of uncertainty such as slow moisture diffusion 
due to ‘“‘case hardening” and possible germination of 
spores in the wet center of the mass led to the con- 
clusion that these results are not dependable. The 
problem is solvable if the technical difficulties en- 
countered in obtaining uniform drying can be sur- 
mounted. This might be possible if the frozen material 
could be pulverized and then mixed continuously 
during the drying. 

That vegetative cells, are more hygroscopic than 
g water 
spores at moisture contents above 0.2 ame 
g dry solids 
evident from the results given in tables 2 and 3. Vir- 
tanen and Pulkki (1933) reported that there are no 
differences in the hygroscopic properties of spores and 
vegetative cells; however, it must be noted that they 
worked with materials having moisture contents of ap- 

g water 


proximately 0.1 Thus, the work reported 


g dry solids’ 
here actually confirms their findings. The possibility 
remains that there may be differences at these lower 
moisture contents which are too small to be detected 
by the methods employed. 

From the point of view of moisture activity or bound 
water, the work reported here indicates that the water 
in vegetative cells has a lower activity than that in 
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spores as evidenced in the lower vapor pressure. The 
measurements made by Friedman and Henry (1938) 
using the eryoscopic method are in contradiction to 
this. These workers were troubled by the problem of 
obtaining spores in large quantities and in a clean 
condition since they grew the organisms on an agar 
medium. In addition, the cryoscopic method is com- 
plicated by the rather elaborate calculations involved. 
The magnitude of the error involved in their work was 
not discussed by these workers. They found it neces- 
sary to apply an arbitrary correction to a constant 
used in their calculations to avoid obtaining negative 
values for the bound water in some of their experi- 
ments. This, together with other sources of difficulty 
such as a probable germination of some of the spores, 
makes an interpretation of these data very difficult. 

Recently, Stewart and Halvorson (1953, 1954) were 
able to obtain an enzyme, alanine racemase, from 
spores. The enzyme, as it comes from the spores, is 
heat resistant. By subjecting the enzyme preparation 
to high frequency sonic treatment, it can be separated 
into two fractions. One fraction consists of particles 
with no enzyme activity, while the other fraction is 
soluble and contains the enzyme. The noteworthy fact 
is that this soluble enzyme, separated from the par- 
ticles, is no longer heat resistant. 

Additional evidence that the spore protein is stabi- 
lized by attachment to particles is found in the work 
of Powell and Strange (1953). These workers report 
that the germination process in spores is accompanied 
by a 30 per cent loss in cell dry weight with a concur- 
rent increase in the dry solids content of the suspend- 
ing medium. They suggest that the resisting spore con- 
tains little or no water and that in germination there 
is an exchange of solids for water from the suspending 
medium. 

This, plus the fact that spores do exhibit a low af- 
finity for water, is evidence that in the spores the polar 
groups necessary to attract water molecules are in 
some way masked. It may be that the heat resistance 
is a result of “bound protein” rather than “bound 
water’”’—that the protein of the spore is immobilized 
by having its polar groups attached to some particle. 
Thus, the protein is less susceptible to thermal agita- 
tion and denaturation. 
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SUMMARY 


The relationship between moisture content and 
equilibrium vapor pressure for spores and vegetative 
cells of a member of genus Bacillus was studied. 


No difference in the vapor pressures was noted 
spores and vegetative cells having less than 

g water . 

., . Above this value, the vapor pressure 
g dry solids 

hibited by the spores increased more rapidly, reac! 
the vapor pressure of pure water at approximately 

g water : 7 : 

-, While vegetative cells reached this y: 

g dry solids 

: g water 

pressure at approximately 2.3 -. > 
g dry solids 

It was observed that vegetative cells are 1 
strongly hygroscopic than spores in that they 
cause the removal of water from spores if stored 
gether in a closed system. 

It is proposed that the spore is heat resistant bec: 
the proteins of the spore are immobilized through 
linkages involving the polar groups and some s: lid 
material. 
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\ medium, composed of an enzymatic digest of 
e:sein and the two vitamins known to be required by 
the particular strain of Micrococcus pyogenes var. 
avreus under investigation, was found able to support 
the growth of about 5 billion cells per ml. When the 
nitrogenous supplement was increased from the cus- 
tomary level of 2 per cent to 4 or 8 per cent, the 24-hr 
populations increased by about 3 billion cells per ml. 
Inasmuch as the 2 per cent level was thought to fur- 
nish adequate carbon and nitrogen even for the larger 
population, a trace element was suspected to be re- 
sponsible for the improvement in viable count. A 
search was begun for this stimulatory substance. 


METHODS AND MATERIALS 


Microorganisms. For the greater part of this study 
Micrococcus pyogenes var. aureus NRRL B-1317P was 
used. In addition, several other strains of this species 
were investigated. 

Medium. The base medium for all experiments was 
composed of Protolysate*® (a pancreatic digest of casein 
prepared by Mead-Johnson and Co.), 2 per cent; 
thiamine hydrochloride, 0.05 mg per cent; and niacin, 
| mg per cent in distilled water. The pH was adjusted 
before sterilization to 7.7. This medium (PV) was 
modified as individual experiments dictated. 

Culture preparation. Stock cultures of the organisms 
were carried on slants of the base medium (PV) and 
were transferred usually once a week. A generous hook- 
ful of growth from a 42- to 44-hr slant which had been 
incubated at 37 C was transferred to 100 ml of PV 
broth in a 300-ml Erlenmeyer flask. The culture was 
incubated at 30 C on a Gump-type shaker for about 
22 hr. A culture prepared in this manner served as the 
inoculum in each experiment. The test flasks, 500-ml 
Erlenmeyers containing 150 ml of medium, were in- 
oculated with 0.5 ml and incubated at 30 C on a recip- 
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rocal shaker. Flasks were sampled usually at 12, 24, 
and 48 hr for pH determinations, and at 24 and 48 hr 
for viable counts by the conventional dilution-plating 
method. The plating medium was of the same composi- 
tion as the inoculum (PV) with 2 per cent agar added. 
In many of the experiments, packed-cell volumes were 
also determined by centrifuging 2 to 10 ml of culture 
liquor in Constable protein tubes at maximum speed 
for 30 min in a table-model, International, clinical- 
type centrifuge. Tests were always run in duplicate, 
and viable counts were made in duplicate from each 
flask. 
{ESULTS 

The viable population in inoculum flasks (PV) after 
numerous repetitions averaged about 5.3 X 10° cells 
per ml at age 22 hr. In control flasks run with every 
experiment, the count at 24 hr approximated 5.5 X 
10° cells. In any experiment in which the standard 
conditions were changed, significance was attached to 
any count consistently exceeding these values. 

In view of the improvement in growth of lactic 
acid bacteria resulting from the use of Speakman salts 
(Speakman 1923), PV medium was supplemented with 
them at the levels customarily used in microbiological 
assay media. The viable population increased about 
threefold over that previously obtained in plain PV 
medium. Since Speakman salts usually are made up in 
the form of two solutions (solution A: K2HPO,, 10 per 
cent and KH.PO,, 10 per cent; solution B: MgSO,- 
7H.O, 4 per cent; NaCl, 0.2 per cent; FeSO,-7H.O, 
0.2 per cent; MnSO,-4H.O, 0.2 per cent) (Snell and 
Strong, 1939) it was convenient to investigate the ef- 
fect of each separately. The stimulus to growth was 
found to be associated with solution A. Inasmuch as 
the relationship between mono- and dibasic potassium 
phosphate is a function of the pH, it was not neces- 
sary to distinguish between the value of the two forms. 

However, it was of interest to know whether the cat- 
ion, the anion, or the whole molecule was responsible. 
To this end triplicate pairs of flasks of PV medium 
were prepared. The controls contained 0.1 g each of 
KsHPO, and KH.PO,4, whereas the second pair was 
supplemented with K.SO, equimolar in K* to the con- 
trols, and the third pair with (NH4).2 HPO, equimolar 
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Fic. 1. The effect upon the viable count of M. pyogenes 
var. aureus of K2SO, equivalent in K* and of (NH4)2-HPO, 
equivalent in PO,’” to 100 mg each of KeHPO, and KH.PO, in 
PV medium. 
COUNT 
x102 
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Fig. 2. Effect of K* concentration on viable count and 
packed cell volume of M. pyogenes var. aureus. 
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in PO,’’’. Results of this comparison are shown graph- 
ically in figure 1. It is immediately apparent that the 
stimulus to growth is completely attributable to the 
potassium ion. 

The next step in this study was to discover the opti- 
mum level of potassium for obtaining this stimulation. 
This was accomplished by supplementing PV_ base 
medium with K:HPO, at varying levels from 0.03 to 
about 30 millimoles of potassium per 150 ml of culture 
liquor. Figure 2 shows the relationship between the 
logarithm of the potassium-ion concentration and that 
of the 24-hr viable counts in the upper curve and be- 
tween the logs of the potassium-ion concentration and 
the 24-hr packed-cell volumes in the lower curve. It is 
clear that both the viable counts and the packed-cell 
volumes increase in linear fashion with increase in the 
potassium-ion concentration until a level of 0.48 mm 
per 150 ml (0.0032 mm per ml) is reached. Thereafter 
additional KX exerts no further effect on the cell popu- 
lation or total cell substance until 7.68 mm K per 150 
ml (0.0512 mm per ml) is added. From here on further 
increasing the K concentration leads to a decline in the 
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viable population curve indicating a toxicity. 17 
packed-cell volume curve is in general parallel to 1 
population curve. The pH of the 24-hr cultures | 
scribed ranged between 8.0 and 8.2. There is an 
most imperceptible rise in pH as the log potassir 
concentration increases to 0.48 mM potassium per 
ml, followed by a slow but steady decline. 

It must be stressed that thus far we have discus 
the influence only of added potassium. It was, 


course, obvious that this element was present to so) ye 


extent in the medium even before supplementat 
with Ke».HPO,. Mead-Johnson and Company (E. 
Wimmer, 1953 personal communication), manu 
turers of Protolysate, were kind enough to divulge 
us the results of their analyses for mineral eleme: 
They found different batches of Protolysate to vy: 
between 0.2 and 0.3 per cent elemental potassit 
Since our standard medium contained 2 per cent P 
tolysate, each 100 ml of our medium contained 0. 
to 0.006 g potassium, equivalent to 0.154-0.231 m 
K+ per 150 ml of medium. Inasmuch as the original 
medium, PV, was deficient in potassium until approxi- 
mately 0.5 mm per 150 ml was added as KoHPO,, we 
may conclude, since we anticipate the presence of in- 
significant amounts from other sources, that the actual 
minimum requirement is close to the range 0.6 to 0.7 
mm per 150 ml (approximately 0.04 per cent KeHPO 
The values shown in figure 2 signify the amount of 
potassium added, not the total potassium concentra- 
tion. 

Having assigned primary responsibility to potassium 
for the growth stimulus derived from adding K.HPO, 
to the medium (= PVK), it became of interest to dis 
cover if other anions associated with the potassium 
ion might modify this response. To do this a variety 
of potassium salts were tested in place of KsHPO, in 
PV medium, the amount of each being adjusted to 
give the same molar concentration of potassium (1.1! 48 
mM ~ 0.1 per cent). Table 1 shows the salts tested snd 


TABLE 1. Effect upon the growth of Micrococcus pyogenes /« 
aureus of different anions associated with potassium 


24-hr Observatic 
Source of K* = 
pH V poy 


Millimoles/ 
100 ml 


mg/100 ml 
None 0 0 7.98 } 
KoHPO, 100 .148 5.05 l4 
KCl 86 .148 8.05 
K.SO, 150 .148 8.05 11 
K.CO; 79 .148 8.07 14 
KHCO; 115 148 8.09 13 
KNO.* 98 148 8.11 i) 
KNOs; 116 .148 8.24 14 


* Filter sterilized and added after sterilization ol 
medium, 


me 
TI 

ne 
Fis 
P\ 
of 


tail 


pyog 
does 
adde 
after 
with 
KH 
cent 
seem 
popu 
that 





POTASSIUM AND GROWTH OF JM. PYOGENES 


effect upon the viable population. The lowest count 
eloped in the medium with KNO». This is believed 
-to toxicity of the NO.’ ion. However, the relatively 
eh value for IXCI is not considered an indication of 
ference since this value has in other experiments 
n been matched or KeHPOs. 
ether the relatively low count obtained with K.SO, 
ignificant has not been determined. All the other 
s are believed to show insignificant differences. The 


exceeded with 


tively high pH recorded for the culture containing 
Q; is interesting and suggests that the NOs’ anion 
been utilized without influencing the number of 

s produced. 
nasmuch as potassium is thought to be involved in 
carbohydrate metabolism of many forms of life, it 
necessary to discover if, in this instance, it was 
forming a similar function. Protolysate, the prin- 
jy al constituent of PV medium, may contain a trace 
' fermentable carbohydrate because the pH of the 
lium drops slightly during the first 12 hr of growth. 
is the potassium requirement could conceivably be 
essary in the dissimilation. of this trace sugar. 
‘igure 3a shows the effect of 0.2 per cent glucose in 
medium upon the viable count in comparison with 
PV, PV with 0.1 per cent Ko.HPO, (PVKX) and PV con- 
taining 0.1 per cent KeHPO, and 0.2 per cent glucose 
(PVKG). It may be seen that the presence of 0.2 per 
cent glucose in PV decreases the rate of growth of J. 
pyogenes and depresses the pH much further than it 
does in media containing Ko.HPO, or in PV devoid of 
added glucose (figure 3b). Although the pH rises again 
after reaching about pH 7.0, it never does reach, 
within 48 hr, the levels attained by cultures to which 
K»HPO, has been added. In the presence of 0.1 per 
cent KesHPO,, on the other hand, 0.2 per cent glucose 
seems to exert no appreciable influence on the viable 
population. The pH, nevertheless, is depressed below 
that reached in 12 hr by cultures to which glucose 
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3a. Effect upon the population of M. pyogenes var. 
au; us of supplementing the medium with glucose alone and 
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Fic. 3b. Effect upon the pH in cultures of M. pyogenes 
var. aureus of supplementing the medium with glucose alone 
and with K,HPO, 
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Fic. 4. Comparison of the effeet of KoHPO, and NasHPO, on 
M. pyogenes var. aureus growing in plain PV and in PV with 
glucose. 


was not added. This naturally leads to a suspicion that 
the Ke.HPO, was simply exercising a buffer action 
which held the pH within favorable bounds. If this 
were true it should be possible to obtain the same 
growth stimulation if K,HPO, were substituted with 
NasH PO, in equivalent concentration. That this is not 
the case may be seen by reference to figure 4. NasHPO, 
equivalent to 0.1 per cent KeHPO, does not provoke 
an equivalent response in viable population in the 
absence of glucose, and has no significant influence on 
the count in the presence of glucose. Thus the presence 
of KeHPO, leads to a change in the rate of growth and 
in the total population which has no relationship to its 
action as a buffer. 

Since the strain of .M. pyogenes used in our exper- 
iments is stimulated by additional potassium, we 
became interested in discovering if this element is re- 
quired for maximum growth of other strains. Investi- 
gation of the effect of potassium on the growth of seven 
additional strains, four albus and three aureus varie- 
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TABLE 2. The effect upon the growth of several strains of M. 
pyogenes var. aureus of adding potassium to PV medium 
| 
| | 24-hr Packed Cell 24-hr Viable Count 


| | vol/5 ml < 10° /ml 
Strain No. Variety | 


| K 
| deficient | sufficient | deficient | sufficient 


ml ml 
NRRL B-1317P.. .| aureus | 0.032 084 5.5 15. 
NRRL B-678.....| aureus | 0.032 .056 4.§ 13. 
NRRL B-1448 aureus | 0.039 .066 4. 13. 
NRRL B-313*.. aureus | 0.018 .039 3 18. 
NRRL B-1318 albus - : 17. 
NRRL B-1505....) albus 0.003 003 a 0.5 
NRRL B-1506. . albus 0.018 .038 4. 10. 
NRRL B-120* albus 0.022 .029 6.§ 


* Enterotoxigenicity unknown. 


ties, shows that all of them respond to the presence of 
this element. The four aureus varieties including B- 
1317P, three of which are known to be enterotoxigenic, 
were induced by the addition of potassium to produce 
about 2.5 times as many cells as those formed in a 
medium to which the element was not added. Two 
enterotoxigenic albus strains responded like the aureus 
strains, while a third enterotoxin producer responded 
to a lesser degree. The albus strain of unknown entero- 
toxigenicity yielded 4.8 times as many cells as in the 
potassium deficient medium. In packed-cell volume, 
results were similar except that the increase generally 
did not exceed twofold and one enterotoxigenic albus 
strain showed no increase. Table 2 shows these results. 
It will be noted that one albus strain grows at a con- 
siderably slower rate than the other strain studied. It 
is believed this strain requires other factors in addition 
to potassium for maximum growth. 
DIscussION 

After recognizing the influence of potassium upon 
the growth of Micrococcus pyogenes we searched 
through the literature for information on this topic. 
The only paper in which the requirement of M. py- 
ogenes for this element is discussed is that of Rahn 
(1936) wherein an evaluation of the effect of potassium 
on the growth of “the lowest fungi’? was made. He had 
investigated six species of bacteria in this regard. Two 
of them, Azotobacter chroococcum and Micrococcus 
aureus (M. pyogenes) failed to grow in his medium. 
From searches of the literature he obtained data which 
supplemented his knowledge of other species, but 
yielded no decisive information about M. pyogenes. To 
our knowledge, no one else has shown that the growth 
of this microorganism is influenced by the potassium 
content of the medium. 

{valuation of the data available to him led Rahn 
(1936) to the conclusion that gram negative bacteria, 
with the exception of Rhizobium and in contrast to 
gram positives, can grow in media without the addi- 


tion of potassium. This was an important though 1 1 
always recognized modification of an earlier generali: ,- 
tion made by Boissevain (1928) who stated that 1 \e 
majority of gram negative pathogenic organisms | 
not need potassium or rubidium for growth while ac 
fasts and some gram positives do. Rahn’s conclus 
has been misinterpreted by Porter, (1946) lead 
him to misquote Rahn as saying that “certain bacte 
require no potassium for growth.”’ It is now clear t! 
other gram negative bacteria in addition to Rhizobiu : 
such as Azotobacter (Waksman, 1932), Pseudomo: 
aeruginosa (Burton et al., 1948) and Aerobacter a: 
genes (Eddy and Hinshelwood, 1949-50) require t 
element. Eddy and Hinshelwood found nearly lin: ar 
increases in cell population with increasing potassi 

in a range from 0.01 to 0.02 mm/1. It becomes a m: 
point whether these bacteria can grow at all in 
absence of potassium because a medium totally « 
ficient in potassium is an impracticability. Until c 
trary proof is supplied, it would probably be wise | 
consider that bacteria, in general, like higher forms . 
life, require the presence of potassium for growth. It 
may be correct to generalize that gram positive bac- 
teria require higher concentrations of potassium for 
optimal growth than do gram negatives. Such a gener- 
alization, which is what Rahn (1936) was proposing, is 
fortified by comparing our data for M. pyogenes with 
that published by Eddy and Hinshelwood (1949-1950) 
for A. aerogenes. It is readily apparent that M. py- 
ogenes requires something on the order of 20 to 200 
times more potassium than A. aerogenes per wit 
volume of culture. It is further supported by table 3 
which shows the requirement of 27 bacteria for addi- 
tion of potassium in chemically defined media. All 
gram positive bacteria will be seen to have required 
higher levels of potassium than were present as col- 
taminating traces. Three lactobacilli may be recog- 
nized as perhaps slightly less exacting than their 
compatriots since they reportedly grew to a limited 
extent. Bacillus anthracis is more of an exception to the 
rule since it appears to be able to grow without addi- 
tional potassium. However, its growth is improved 
when this element is added. On the other hand, 5 of 6 
gram negatives found the contaminant traces of po! as- 
sium in such media sufficient for growth. A. aeroge:cs, 
the lone dissenter, has been shown to require very 
small additions and perhaps ‘represents a some\)iat 
more exacting strain in this requirement than most 
gram negatives. 

An additional point of discussion is that all of the 
bacteria reported in table 3, representing most of ‘he 
work done on the potassium requirement of mi: ro- 
organisms, were grown in chemically defined m«ia 
containing a sugar or other fermentable carbon sou ce. 
Very often the authors of papers in such cases re ite 
the effect of potassium to the carbohydrate me. ‘b- 
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POTASSIUM AND GROWTH OF 4M. PYOGENES 


TasLeE 3.* Summary from the literature of the potassium requirements of microorganisms growing in chemically defined media 


Microorganism Grow Without Added Potassium Require Additional Potassium 

\. Gram positive 
Bacillus anthracis Brewer et al., 1946+ 

Bacillus polymyxra Katznelson, 1947 

Bacillus subtilis Boissevain, 1928; Rahn, 1936; Feeney and 
Garibaldi, 1948 

Mueller, 1935 

MacLeod and Snell, 1947 


Rogosa, 1944 


‘orynebacterium diphthe ride 
Lactobacillus arabinosus 
Lactobacillus casei MacLeod and Snell, 1947 
MacLeod and Snell, 1947f 
sactobacillus fermenti MacLeod and Snell, 1947 
sactobacillus helveticus Barton-Wright, 1945t 


Lactobacillus delbrueckii 


wactobacillus pentosus MacLeod and Snell, 1947 


seuconostoc mesenteroides MacLeod and Snell, 1947 
ilicrococcus pyogenes Zunz and Gyorgy, 1916§ 
Wycobacterium tuberculosis Lockemann, 1919; Sauton, 1912; Boisse 
vain, 1928 
Wycobacterium leprae Boissevain, 1928 
Mycobacterium ranae Boissevain, 1928 
Wycobacterium smegmatis Boissevain, 1928 
Streptococcus faecalis Barton-Wright, 1945t 
B. Gram negative 
{erobacter aerogenes Eddy and Hinshelwood, 1949-1950 
Escherichia coli Zunz and Gyorgy, 1916; Boissevain, 1928; 
Rahn, 1936 
Zunz and Gyorgy, 1916; Robinson, 1932; 
Burton et al., 1948 
Rahn, 1936 


Zunz and Gyorgy, 1916 


Pseudomonas aeruginosa 


Pseudomonas fluorescens 
Salmonella enteritidis 
Salmonella paratyphi Zunz and Gyoérgy, 1916; Boissevain, 1928 
Zunz and Gyorgy, 1916 

Zunz and Gyorgy, 1916 

Rahn, 1936 

Zunz and Gyorgy, 1916 


Salmonella schottmuelleri 
Salmonella typhosa 
Serratia marcescens 
Vibrio comma 


* This compilation refers to the potassium requirement without regard to those cations (Rb*, Cs* 
some cases to substitute for K*, though often with less efficiency. 


, ete.) which are known in 


+ This organism was reported to have produced a greater spore crop in media to which potassium had been added 

{ Barton-Wright, 1945, and MacLeod and Snell, 1947, described the growth of these strains as slight or limited 

§ Zunz and Gyorgy, 1916, found growth in a chemically defined medium containing no added potassium decidedly inferior to 
growth in peptone media which probably contained larger quantities of the element as an impurity. 


olism of the microorganisms. With M. pyogenes this 
seems not to be the case inasmuch as the medium con- 
tained no added carbohydrate and very little, if any, 
would be remaining from the original milk from which 
Protolysate was made. We have no theory to explain 
the function of potassium, but simply wish to point 
out that its function, at least in this case, though it 
may be influenced by the presence of glucose, is not 
necessarily related to carbohydrate metabolism. Glu- 
cose probably exerts its influence indirectly through 
the hydrogen ions resulting from its fermentation. 
Eddy and Hinshelwood (1949-1950) have shown an 
antagonism between potassium and hydrogen ions in 
A. cerogenes cultures. 


SUMMARY 


It has been shown that media containing less than 
about 0.6 to 0.7 mM of potassium per 150 ml of solu- 
tion (about 0.04 per cent KsHPO,) are deficient in this 


element for the growth of Micrococcus pyogenes. A part 
of this requirement will be met by impurities in the 
medium so that it is not necessary to add this much 
potassium. Although too much potassium is detri- 
mental to cell growth, a considerable excess is tolerated 
before there is any appreciable decline in viable count. 
Any salt of this element which is compatible with 
growth will serve equally well. 

The function of the potassium seems not to be in- 
volved in the metabolism of sugars for the effect is 
found in media essentially devoid of them. The depres- 
sant effect of glucose on cell growth is, however, neu- 
tralized by the presence of potassium phosphate, a 
change not accomplished by sodium phosphate. 

REFERENCES 
Barton-Wricut, E.C. 1945 The theory and practice of the 
microbiological assay of the vitamin-B-complex; together 


with the assay of selected amino acids and potassium. 
Analyst, 70, 283-294. 





344 D. 8S. CLARK, R. H. WALLACE, AND J. J. DAVID 


BorssEvAIN, C. H. 1928 Replacement of potassium by other 
elements in culture mediums. J. Infectious Diseases, 
43, 194-199. 

Brewer, C. R., McCui.touacnu, W.G., Minus, R. C., RoessLeR 
W. G., Hersst, bk. J., anp Hown, A. F. 1946 Studies 
on the nutritional requirements of Bacillus anthracis. 
Arch. Biochem., 10, 65-75. 

Burton, M. O., CampsBeE Lt, J. J. R., anv Facies, B. A. 1948 
The mineral requirements for pyocyanin production. 
Can. J. Research, C, 26, 15-22. 

Eppy, A. A., AND HiINsHeLwoop, C. 1949-1950 The utiliza- 
tion of potassium by Bacterium lactis aerogenes. Proc. 
Roy. Soc. (London) B, 136, 544-562. 

FEENEY, R. E., aNp GartBaLpi, J. A. 1948 Studies on the 
mineral nutrition of the subtilin-producing strain of 
Bacillus subtilis. Arch. Biochem., 17, 447-458. 

KATZNELSON, H. 1947 Studies with Bacillus polymyza. 
V. Potassium as a factor in the production of 2, 3 bu- 
tanediol from starch. Can. J. Research, C, 25, 129-136. 

LocKEMANN, G. 1919 What substances are absolutely neces 
sary for the growth of the tubercle bacillus? Centr. 
Bakteriol. Parasitenk., Abt. I, 83, 420-425 (thru C. A., 
14, 754, [1920]). 

MacLrop, R. A., AND SNELL, EK. KE. 1947 Some mineral 
requirements of the lactic acid bacteria. J. Biol. Chem., 
170, 351-365. 


Mve ier, J. H. 1935 Studies on cultural requirement 
bacteria. VI. The diphtheria bacillus. J. Bacte: 
30, 513-524. 

Porter, J. R. 1946 Bacterial Chemistry and Physio 
John Wiley and Sons, Inc., New York, page 622. 
Raun, O. 1936 Substitutes for potassium in metabolis: 

the lowest fungi. J. Bacteriol., 32, 393-399. 

Ropinson, G. L. 1932 The growth of Bacillus pyocya 
in synthetic media. Brit. J. Exptl. Pathol., 18, 310 

tocosa, M. 1944 Microbiological method for the quan 
tive determination of small quantities of potass 
J. Biol. Chem., 154, 307-308. 

Sauton, B. 1912) Sur la nutrition minérale du bacille tu ec: 
culeux. Compt. rend., (Acad. Sei.) 155, 860-861. 

SNELL, Ek. k., anp Srrone, F. M. 1939) A microbiolo 
assay for riboflavin. Ind. Eng. Chem., Anal. Ed 
346-350. 

SpEAKMAN, H.B. 1923) Molecular configuration in the su 
and acid production by Bacillus granulobacter pec 
vorum. J. Biol. Chem., 58, 395-413. 

WaksmMan, 8S. A. 1932 Principles of Soil Microbio 
Kd. 2. The Williams & Wilkins Co., Baltimore, page 

Zunz, E., aNp GyOrGy, P. 1916 Observations sur linflus 
chimique des milieux de culture sur le développeme: 
la production de Vindol par les colibacilles et pa 
bacilles typhiques. J. Bacteriol., 1, 627-661. 


Factors Affecting the Fermentation of Apple Juice’ 


D. S. Cuark?, R. H. WauuaAce*®, ann J. J. Davip' 


Macdonald College, Quebec, Canada 


Received for publication June 10, 1954 


The production of apple cider has been established 
as a domestic enterprise for centuries and as an in- 
dustrial enterprise for decades. Beginning with the 
work of Pasteur, much has been done to investigate 
the conditions necessary for the production of alcohol 
in beer and wine. It is questionable if the factors af- 
fecting the fermentation of wort and grape juice would 
also apply to that of apple juice; nothing in the litera- 
ture has indicated that any comparisons of this nature 
have been made. It appears also that relatively little 
has been published about the numerous factors that 
affect the quality of apple cider. Tressler et al. (1941) 
have reported that blends of ciders made from two or 
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more varieties of apples produce a beverage which has 
a better quality than that of an unblended cider; they 
also noted that the juices from different varieties ol 
apples fermented at approximately the same _ rite. 
Ball (1946) has reported that the juice of a mixture o! 
wild apples is better raw material for the production o! 
cider than that of any one cultivated variety. It scems 
that only a few papers have been published since | {00 
about conditions that affect the efficiency of the veast 
in the fermentation of apple juice, especially in rela- 
tion to the rate of alcohol formation. Barker (/ ‘08 
investigated such factors as aeration, temperature. the 
chemical composition of the apple juice, and the | inds 
of yeast; he noted that the main factor in determ ning 
the rate of fermentation appears to be the nitrog« .ou- 
matter present in the juice, and that the quanti y 0! 
this material is generally insufficient for satisfa: (or) 
nutrition of the yeast. Other investigators have on- 
firmed Barker’s findings (Charley, 1938; Dauthy and 
Abadie, 1936; Grove, 1919; and Steuart, 1947) Th 
purpose of the work reported in this paper was t 

amine the effects of the age of the inoculum, the 
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FACTORS AFFECTING THE FERMENTATION OF APPLE JUICE 


ceitration of yeast extract, and the presence of non- 
fe menting yeasts on the rate of aleohol formation in 
ap ple juice. 


EXPERIMENTAL 
Methods 


\pple juice that had been pressed from mixed varie- 

of wild apples was filtered and adjusted to 15 
ling with glucose. It was sterilized by Seitz filtra- 
1 and then transferred in 500 ml quantities to sterile 

) ml Erlenmeyer flasks. The flasks were stoppered 

h cotton and kept at 5 C until required. 

The three yeasts used in the experiments had been 

ated from apple cider and identified as strains of 

‘charomyces cerevisiae, Saccharomyces oviformis, and 

‘charomyces steinert (Clark, 1953). Each was grown 

apple juice and subcultured at least four times at 

hour intervals before it was used for inoculating 

- experimental media. One milliliter of the fourth 

:oculture was pipetted into 12.5 ml of the inoculation 
medium, which, in each instance, was a portion of the 
est medium. When this culture had reached the age 
‘equired for the experiment it was poured into the 
flask of test medium. A rubber stopper fitted with an 
air trap was placed tightly in the mouth of each flask; 
the air trap was filled with paraffinol which allowed gas 
to escape but prevented air from entering. The cultures 
were incubated at 28-30 C. 

The rate of alcohol formation was ascertained by 
determining the amount of alcohol at regular intervals 
by means of the dichromate-sulphuric acid method of 
Semichon and Flanzy (1929) modified by David 
(1949). All the tests were made in duplicate. 


Age of the Inoculum 


Cultures of S. cerevisiae 20, 30, 40 and 50 hours old, 
and of S. oviformis 25, 35, 45, 60 and 75 hours old were 
used as inocula. The total numbers of cells and the 
numbers of viable cells in 1 ml were determined at the 
time the various inocula were transferred to the flasks 
of apple juice; the former were calculated by means of 
an haemocytometer and the latter by plating suitable 
dilutions with apple juice agar (Marshall and Walkley, 
1951). The results are shown in figures 1 and 2, and in 
tables 1 and 2. The 20-hour-old inoculum of S. cere- 
viviae produced the slowest rate of alcohol formation, 
and the 50-hour-old inoculum the most rapid. The 30- 
and 40-hour inocula produced rates that were inter- 
mediate between those of the youngest and oldest, but 
the 30-hour inoculum caused the greatest final concen- 
trition of aleohol. It will be noted that the age of the 


in.culum for S. oviformis did not appreciably affect its 
ra'e of alcohol formation. 


"he rate of alcohol production by S. cerevisiae 
vi vied inversely with the number of viable cells in the 
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Fig. 1. Saccharomyces cerevisiae. Effect of age of inoculum 
on the rate of aleohol formation. 
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Fic. 2. Saccharomyces oviformis. iffeet of age of inoculum 
on the rate of alcohol formation. 


TaBLe 1. The number of cells of Saccharomyces cerevisiae in 


inocula of different ages 


Total Viable Dead 


, 680,000 
, 200,000 
,920 ,000 
), 560 , 000 


16,000 , 000 15,680,000 
21,000,000 16,200,000 
24,000 , 000 18,520,000 
26 , 000 ,000 20 , 560 ,000 


inoculum. Between the 20th and 30th hours the total 
numbers in | ml had increased by about 5.6 million 
cells; between the 30th and 40th hours by 5.3 million; 
and between the 40th and 50th by 4.0 million. During 
those intervals, however, the numbers of viable cells 
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TABLE 2. The number of cells of Saccharomyces oviformis in 
inocula of different ages 


Total Viable Dead 


20,440,000 
33,200,000 
37,720,000 
40,280,000 
42,600,000 


12,000,000 
22,000,000 
23 ,000 , 000 
25,000,000 
24,000 ,000 


8,440,000 
11,200,000 
14,720,000 
15,280,000 
18,600,000 


had increased in diminishing increments of 5.0, 3.0, and 
2.0 millions, respectively. 

In contrast to S. cerevisiae, the viable cells of S. 
oviformis increased by 10 million between the 25th and 
35th hours, but only by 1, 2, and 1 millions at the 45th, 
60th, and 75th hours, respectively. It seems that there 
was relatively little increase in the viable cells after 
35 hours, and that the large increase between the 25th 
and 35th hours had little or no effect on the rate of 
alcohol formation. 

Concentration of Yeast Extract 

It has been established that the nitrogen and vita- 
min-B contents of apple juice are low (Smock and 
Neubert, 1950). Nevertheless they appear to be in 
high enough concentration to support the growth and 
metabolism of yeasts. It seemed possible that the addi- 
tion of an organic nutrient, such as yeast extract, to 
the apple juice would considerably increase the rate of 
fermentation. Indeed, Barker (1908) emphasized the 
fact that the rate of fermentation of apple juice de- 
pends largely upon the assimilable nitrogenous matter 
present in the juice. 

Yeast extract (Bacto) in concentrations of 0.01, 0.10, 
0.50, and 1.00 per cent, respectively, was added to 
flasks of apple juice. S. cerevisiae, S. oviformis and S. 
steinert were used for the tests, and alcohol formation 
was determined at intervals during 390 hours. Dupli- 
cate flasks of apple juice without yeast extract were 
also inoculated to serve as controls. 

The results for S. cerevisiae are shown in figure 3. It 
can be seen that the rate of alcohol formation became 
more rapid with increasing concentrations of yeast 
extract. This was especially evident between concen- 
trations of 0.01 and 0.1 per cent. Five-fold and ten- 
fold increases above 0.1 per cent caused relatively 
small increases in the rate of fermentation. This yeast 


converted 45.73, 46.13, and 48.00 per cent of the sugar 


into alcohol in flasks of apple juice containing 0.10, 
0.50, and 1.00 per cent yeast extract, respectively. 
The results for S. oviformis are given in figure 4, in 
which it may be seen that the effect of yeast extract on 
the rates of alcohol formation are similar to those of S. 
cerevisiae. S. oviformis, however, produced such a rapid 
rate of fermentation in the flasks containing 0.10, 0.50, 
and 1.00 per cent yeast extract that the fermentation 
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Fic. 4. Saccharomyces oviformis. Effect of various conc: 
trations of yeast extract on the rate of aleohol formatio 


was almost completed in 140 hours. However, there 


was still a detectable difference after 390 hours in 
amounts of alcohol produced in flasks having 
higher concentrations of yeast extract compared wi 
those produced in apple juice containing the lower 
centrations of yeast extract and the controls. In aj) 
juice containing both 0.50 and 1.00 per cent yeast 
tract, S. oviformis converted 46.86 and 48.53 per « 
of the sugar into alcohol after 225 and 390 hours, 
spectively. 


The results for S. steiner? are shown in figure 5. 
response to yeast extract in the apple juice was so 
what similar qualitatively but not quantitativel 
that of the other yeasts used in this study. The rat 
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‘1a. 5. Saccharomyces steineri. Effect of various concentra 
is of yeast extract on the rate of alcohol formation. 


ermentation in flasks containing 0.01 per cent yeast 
extract, however, was not different from that of the 
control. This yeast fermented at the greatest rate and 
produced the largest amount of alcohol in the presence 
of 1.0 per cent yeast extract. Appreciable amounts of 
alcohol were formed only after a lag of almost four 
days. After approximately 17 days this yeast converted 
only 19.93 per cent of the sugar into alcohol in flasks 
containing 1.00 per cent yeast extract. 


Nonfermenting Yeasts 
A large number of different strains of yeasts could 
be effective in the fermentation of appie juice under 
natural conditions. Indeed the presence of nonferment- 
ing yeasts may contribute to the activity of the fer- 
menters. An experiment was done, therefore, to test 
this hypothesis, using S. cerevisiae, S. oviformis, and S. 
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1G. 6. Effect of the presence of nonfermenting yeasts on 
rate of alcohol production by the fermenting yeasts. 


steineri, respectively, and a mixture of 13 nonferment- 
ing yeasts that had been isolated during another phase 
of the work (Clark, 1953). The inocula of the non- 
fermenting yeasts were prepared by growing each yeast 
separately in 5 ml of apple juice; after 4 subsequent 
transfers to 5 ml of apple juice, 1 ml of each final cul- 
ture was pipetted into a sterile culture tube. The yeasts 
were mixed and then added aseptically to a flask of 
apple juice. Fermentations without the addition of the 
nonfermenting yeasts served as controls. The results 
shown in figure 6 indicate that the addition of the non- 
fermenting yeasts did not influence the rates of aleohol 
production by the fermenting yeasts. 


DiscusSION 

The metabolie activity of microorganisms in a given 
medium is dependent on the species used and, further- 
more, is related in some considerable measure to the 
age of the cells that are used for the inoculum. It was 
noted in this investigation that between a minimum of 
20 hours and a maximum of 50 hours ten-hour differ- 
ences in the age of S. cerevisiae resulted in increased 
rates of alcohol formation. The numbers of viable 
cells, however, appeared to increase at a slower rate. 
It seems that the cells were physiologically more active 
at or near the end of their logarithmic phase of growth. 
Possibly the increased number of dead cells may have 
contributed nutritionally to the metabolism of the 
living cells. In similar circumstances the age of S. 
oviformis, however, did not have any appreciable effect 
on its rate of alcohol formation. 

The results show that S. cerevisiae and S. oviformis 
ferment apple juice efficiently, since they converted 
approximately 46 per cent of the sugar at 15° Balling 
into alcohol. Niehaus (1937) has stated that the best 
wine yeasts seldom ferment over 48 per cent of invert 
sugar, glucose or fructose into alcohol. 

The rates of alcohol formation were greatly increased 
when yeast extract was added to the apple juice. 
Furthermore, the quantity of alcohol formed after 
approximately 16 days was greater in the presence of 
yeast extract than in its absence. S. cerevisiae and S. 
oviformis both converted 48 per cent of the sugar into 
alcohol when the concentration of yeast extract was 
raised to 1.00 per cent. These findings confirm those of 
previous workers with regard to the value of enriching 
apple juice with assimilable nitrogenous material. 
Further work is necessary to determine the effects of 
various concentrations of organic and inorganic nitro- 
gen compounds along with various concentrations of 
sugar on the rate of alcohol formation. It may be pos- 
sible also that the addition of small quantities of one 
or more of the intermediate compounds of fermentation 
may enhance the activity of the yeasts. 

Barker (1908) concluded that the kind of yeast 
present in apple juice does not materially affect the 
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rate of fermentation. He based his conclusion on the 

probability that the mixture of yeasts normally present 

in apple juice would have at least one species that 

would complete the fermentation at a maximum rate. 

is conceivable that the occasion may arise in which 

a species would not be present. Our findings show 

a yeast such as S. steineri could be present and 

would ferment apple juice slowly and inefficiently only 
when an adequate supply of nitrogen is available. 
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SUMMARY 


A study was made on the effects of the age of the 
inoculum, the concentration of yeast extract, and the 
presence of nonfermenting yeasts on the rate of alcohol 
formation in apple juice adjusted to 15° Balling. Ten- 
hour differences between the 20th and 50th hour of the 
age of Saccharomyces cerevisiae caused irregular in- 
creases in the rate of alcohol formation. It was found 
also that the rate of fermentation appeared to be cor- 
related inversely with the rate of increase of viable 
cells in the inoculum. Similar effects did not occur with 
Saccharomyces oviformis. The yeasts fermented apple 
juice at increasing rates when it was enriched with 


increasing concentrations of yeast extract. The pres- 
ence Gf nonfermenting yeasts did not influence the 
rates of alcohol production by the fermenting yeasts. 
It is considered that further studies should be made of 
the effects of varying concentrations of nitrogenous 
compounds and glucose on the rate of fermentation of 
apple juice. 
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tecently introduced compounds designed for the 
trol of soil insects are demanding more and more 
ention to determine possible effects on microbial 
ivity in the soil and resulting influences on soil 
ility. Since Aldrin? has shown considerable promise 
the control of a wide variety of insects and is being 
lely tested, laboratory studies were undertaken to 
ermine its microbial effects in 10 representative 
egon soils. 
\lthough there are no published data concerned 
cifically with microbial effeets of Aldrin, a number 
the more popular and extensively used chlorinated 
hydrocarbon insecticides have been studied to deter- 
mine their influences on the soil microflora. Jones 
(1952) and Wilson and Choudhri (1946) observed that 
DDT, at less than 0.1 per cent, did not injure nitri- 
fiers, ammonifiers, nitrogen fixers, or sulfur oxidizing 
microorganisms. However, each observed that DDT 
did increase the total number of soil organisms. Ben- 
zene hexachloride (BHC) and Chlordane (Jones, 1950) 
were found injurious to nitrifiers at concentrations 
above 0.5 per cent. Smith and Wenzel (1948) noted 
that benzene hexachloride applied at 500 pounds per 
acre had a stimulatory effect upon the numbers of 
bacteria; however, molds and nitrifiers were greatly 
reduced. Chlordane (Smith and Wenzel, 1948) ap- 
plied to the soil at 100 pounds per acre generally in- 
creased the number of organisms, but nitrifiers were 
adversely affected. Gray (1954a) found 0.05 per cent 
BHC (mixed isomers) toxic to nitrifiers in solution 
cultures but not in soils; lower concentrations of the 
commercial insecticide depressed urea-hydrolyzing 
bacteria, although the gamma isomer had no effect 
(1954b); of approximately 60 strains of various species 
‘heterotrophic bacteria studied on laboratory media, 
Approved for publication by the Director of Oregon Agri- 
iral Experiment Station as Technical Paper No. 848. 
Graduate research assistant. Present address: Department 
acteriology and Public Health, State College of Wash- 
m, Pullman, Washington. 
Bacteriologist. 
\ldrin used in these laboratory studies was supplied as 
pound 118 by the Julius Hyman Co., Denver, Colorado, 
vas a 99 per cent pure crystalline solid passing 100 mesh 
10t 125 mesh screen. The chemical characterization of 
n is 1,2,3,4,10,10-hexachloro-1,4,4a,5,8a-hexahydro- 
::8-dimethano naphthalene. 


a large majority failed to grow in presence of the BHC 
but most of these were not affected by the gamma 
isomer (1954¢). Preliminary studies on Oregon field 
soils treated with BHC, DDT and other similar 
chlorinated hydrocarbons at rates recommended for 
insect control showed significant results only for 
toxaphene at 10 pounds per acre, which increased 
numbers of molds and percentage of Penicillium co- 
lonies as determined by plate counts (Bollen ef al., 
1954a). 

In laboratory studies using pure isomers of BHC, the 
gamma isomer generally appeared quantitatively and 
qualitatively more effective in producing responses by 
soil microorganisms (Bollen ef al., 1954b); it consider- 
ably increased the bacterial population of a clay adobe 
soil, stimulated molds in the presence of dextrose, and 
increased ammonification and nitrification. 


MATERIALS AND METHODS 


Composite soil samples were taken in the spring 
from entomology field plots immediately before Aldrin 
was rotary tilled into the soil as a 10 per cent wettable 
powder at the rate of 20 pounds per acre, equivalent to 
2 pounds per acre actual.> Experimental plots were 
established on 10 soils located in different agricultural 
areas of the state and represented a variety of soil 
classes, including fine sand, sandy loam, silt loam, 
silty clay loam, clay loam, and peat. Each sample was 
a composite of six individual samples collected ran- 
domly. Samples were stored in air-tight metal con- 
tainers and were not opened until ready for laboratory 
use. The soil was then air dried until friable, and 
passed through a 20-mesh screen. After determining 
moisture and saturation capacity, the prepared samples 
were kept in the airtight containers; portions for use as 
required were weighed out on the water-free basis. 
For incubation, moisture was adjusted to 60 per cent 
of the saturation capacity. Aldrin was used at two 
rates, 200 and 1,000 ppm, equivalent to 400 and 2000 
lbs per acre of mineral soil of 624 inches depth. 

Difco peptone, ground to pass 100 mesh, was used 
as an organic nitrogen source in ammonification and 
nitrification studies, the dry powder being admixed 


5 Samples taken by H. E. Morrison, Associate Entomologist, 
in charge of field trials. 
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with the soil before making up to optimum moisture. 
Other chemicals employed were all reagent grade un- 
less specifically stated otherwise. 

Plate counts. Numbers of microorganisms were de- 
termined by plate counts using sodium albuminate 
agar for bacteria and streptomycetes and peptone 
glucose acid agar, pH 4.0, for the molds (Fred and 
Waksman, 1928). 

The effect of Aldrin on the development of Azoto- 
bacter was determined by soil plaques (Sackett and 
Stewart, 1931). 
abundance of Azotobacter colonies developing on the 


Results were recorded as relative 


surface of the soil. 

Ammonification and nitrification. Ammonification 
and nitrification of peptone equivalent to 1,000 ppm 
N, with and without added Aldrin, was studied in 
100 g portions of soil. These samples were placed in 
pint milk bottles to facilitate the preparation of a 1:4 
soil-water suspension for analysis after incubation. 
They were then made up to 60 per cent saturation 
without stirring and incubated at 28 C. One set was 
analyzed after 5 days, other sets at 10 and 20 days. 
After incubation, ammonia was determined by distilla- 
tion with phosphate buffer, pH 7.4 (Shrikhande, 1941); 
nitrite was determined colorimetrically by the sul- 
fanilic acid-alpha naphthylamine method (A.O.A.C. 
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1945); nitrate, by the phenoldisulfonic acid met} 
(Harper, 1924). 

Carbon dioxide evolution. Soil respiration studies 
made with Willamette clay loam soil only, at the sa 
time tests were made for microbial numbers, amm« 
fication and nitrification as on the other soils. ‘ 
hundred gram samples of the soil, water-free ba 
were treated in quadruplicate with peptone equiva! 
to 1,000 ppm nitrogen or 2980 ppm carbon, with ; 
without Aldrin. Corresponding controls were also 


up in quadruplicate. The prepared samples were pla 


in pint milk bottles, made up to optimum moist 
and connected to an air manifold in an incubator 
28 C. Carbon dioxide was collected by passing C 
free air over the samples at pressure sufficient to ca 
it to bubble slowly through 20 ml of approximat 
In NaOH in 1 by 6 inch test tubes. At 1, 2, 3, 5, 
15, and 20 days the tubes were removed and replac 
with tubes of fresh NaOH solution; the CO, absor! 
in each case was determined by double titration, us: 
a Beckman automatic titrator. 

Aldrin analysis. Samples of Willamette clay lo 
soil, containing 200 ppm Aldrin, treated as in the a 
monification study, were air-dried after 0, 10, and 20 
days incubation, extracted with n-hexane, and _ the 
Aldrin content determined by the phenyl azide-color- 


Bacillus cereus colony developing in contact with Aldrin crystals (X 100) 
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Fic. 2. Numbers of bacteria, including Streptomyces, in Aldrin treated soils 


imetrie method of Danish and Lidov (1950)*. The 
sensitivity of this method is 0.1 ppm. 

pH. The pH in all cases was determined with a glass 
electrode, using the soil suspensions of 1 to 4 in dis- 
tilled water. 


RESULTS 


Plate counts. Aldrin applied at 200 and 1,000 ppm 
increased the number of bacteria as determined by 
plate counts. This stimulation was quite marked at 10 
days, amounting in most cases to more than 100 per 
cent in soils treated with Aldrin and peptone. Colonies 
of aerobic spore formers were more numerous with 
Aldrin treatment. Incidental to other studies it was 
found that the Aldrin crystals as supplied by the man- 
ufacturer were contaminated with two species of 
Bacillus. The major contaminant was identified as B. 
cereus. Figure 1 shows a colony of this isolate develop- 
ing in intimate contact with Aldrin crystals. Approxi- 
mately 10 per cent of the contamination was due to B. 
subiilis. Considering the low rates of Aldrin used, 
however, it appears doubtful if the contaminating 
bacteria contributed significantly to plate counts on 
the treated soil. Streptomyces and differential mold 


* Analyses of hexane extracts were made by the laboratories 
of Julius Hyman and Company, a division of Shell Oil Com- 
pan’, under the direction of Dr. L. L. Lykken, Technical 
Service Manager, Denver, Colorado. 


counts showed no consistent effects of the compound 
at either concentration; some increases and decreases, 
well beyond experimental error, were observed regard- 
less of soil type and incubation time. Results of bac- 
terial counts for three soils, representing the range of 
soil types studied, are shown in figure 2. 

No stimulating and no adverse effects on the de- 
velopment of Azotobacter on soil plaques were ob- 
served. 

Ammonification. In the early stages of incubation 
eight of the 10 soils showed slightly greater ammoni- 
fication with added Aldrin; at 10 and 20 days, however, 
there are some evidences of inhibition (figure 3). The 
decreases in ammonium concentrations observed at 10 
days, and especially at 20 days, in many cases are not 
accounted for by nitrification. Even allowing for-small 
amounts of nitrogen assimilated by microorganisms, it 
is necessary to assume appreciable denitrification losses 
and possibly some ammonium fixation by clay minerals 
in those cases where the nitrogen balance is highly 
deficient. 

Nitrification. In six of the soil samples incubated 
with added peptone, nitrite accumulation was slightly 
greater in the presence of the insecticide, especially at 
10 days. In most of these cases nitrate formation was 
decreased but the nitrifying bacteria were not con- 
sistently depressed (figure 3). In almost every one of 
the soils the effects of Aldrin on the over-all nitrogen 
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CAaRBON® ©-8! 0.3! 1.19 2.56 2.34 1.63 2.20 2.12 2.57 26.09 


Fig. 3. Influence of Aldrin on ammonification and nitrification of 1,000 ppm peptone nitrogen in 10 Oregon soils. (Values fo 
controls subtracted). 


transformation of peptone to nitrate were slight or clay loam soil resulted where Aldrin was added; the 
variable and probably insignificant from the standpoint effect was similar for each concentration of the in- 
of soil fertility secticide (figure 4). 

Carbon dioxide evolution. A small but definite in- Instability of Aldrin. Aldrin analyses of the treated 
crease in carbon dioxide evolution from the Willamette Willamette clay loam soil samples are given in table |, 
and show decreases of 50 per cent and greater in Aldrin 
concentration after 0, 10, and 20 days incubation. 


2800 


TABLE 1. Aldrin content of Willamette clay loam soil with ani 
without added peptone 


Treatment Interval Aldrin Found 
rom 
Treatment 


e . ° - 
Aldrin Pepton¢ to Sampling Each Average Apparent 


nitrogen 
ppm ppm days ppm ppm ppm 
200 0 0 95. 
200 104.8 99 «4 101.1 


200 63.8 
200 63.8 


© SOIL + PEPTONE 
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Fic. 4. Effect of Aldrin on cumulative CO: production 
from peptone equivalent to 1000 ppm nitrogen, or 2980 ppm 
carbon, added to 100 gram portions of Willamette clay loam 
soil. (Values for controls subtracted.) 
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DISCUSSION 

\ldrin added to soils in the laboratory at rates 
cher than recommended for field use produced some 
nulating as well as depressive effects on ammoni- 
ition, nitrification, and microbial numbers. Aldrin at 
)and 1,000 ppm had a definite stimulatory influence 
m the total number of bacteria in all the soils. On 
‘ basis of a 2,000,000 pound acre these treatments 
equivalent to applications of 400 and 2,000 pounds 

acre respectively. Although normal application 
es rarely exceed 5 pounds per acre, excessive con- 
itrations were used in the laboratory to allow for 
ential residues resulting from long periods of ex- 
ided use and to force possible microbial effects. 
lhe effects of Aldrin on the microbial transforma- 
ns of nitrogen from peptone were neither pro- 
inced nor consistent. Values for ammonia distillable 
th approximately | per cent phosphate buffer at pH 
| plus the equivalents in nitrite and nitrate derived 

m ammonia show no outstanding differences on 

«mparing Aldrin treated soils with the controls. De- 

ne in the sum of these forms of nitrogen, especially 

20 days, is apparent from figure 3. Denitrification 
losses, possible even in well aerated soils (Wijler and 
Delwiche, 1954), probably occurred to different extents 
in the different soils; such losses cannot be determined 
except by extensive procedures beyond the scope of 
the present investigation. Absorption by certain clay 
minerals can result in apparent losses of nitrogen by 
rendering significant amounts of ammonium unavail- 
able for nitrification (Allison et al., 1953). While analy- 
ses for such losses were not made, the data for free and 
nitrified ammonium, as determined by accurate and 
relatively simple methods, are considered an adequate 
basis for comparing the peptone nitrogen transforma- 
tions in different soils and under different influences. 
Significance of the results shown lies in the absence of 
any overwhelming or even marked differences that 
could be expected were the tested compound actively 
germicidal in the soil. 

Organic matter oxidization by soil microorganisms 
was slightly enhanced by Aldrin at each concentration. 
I the one soil in which carbon dioxide production was 
determined, the stimulating effect of the insecticide 
Was shown within the first day or two. The increase in 
carbon dioxide did not appear directly proportional to 

plate count increase in bacteria. The increase in 
‘arbon dioxide attributable to Aldrin amounted to less 
n 5 per cent, but at the same time the plate counts 
roximately doubled. 
‘he ten soils studied represented six soil classes 
ging from fine sand low in organic matter to a 
ily organic peat soil. Soil type, as determining 
sical and chemical environment, and organic matter 
vably have significant influences on activity of in- 
icidal compounds in the soil. However, differences 
ative organic matter content as shown by total 


carbon analyses (figure 3) indicate no correlation with 
the effects of Aldrin on nitrogen transformations. From 
field and laboratory studies the effects of the insee- 
ticide are known to be influenced by its physical con- 
dition and distribution (Morrison and Crowell, 1952). 
Preliminary studies have shown that the response of 
soil microorganisms varies with the size of the insee- 
ticide particle and its relative distribution in the soil. 
In general, the smaller the individual Aldrin particles, 
the greater the response. This may be the result of 
more extensive physical distribution. Adsorptive ef- 
fects of clay and humus may be involved. In any case 
the degree and duration of microbial response to Al- 
drin, whether one of stimulation or inhibition, can be 
expected to vary with concentration of the insecticide, 
physiological type of microorganism, and = environ- 
mental factors. 

Losses of Aldrin occurred immediately after mixing 
the compound with the soil (table 1). In absence of 
peptone, the loss amounted to 50 per cent on the first 
day, the actual time involved being the few hours 
necessary to air-dry the soil and make the hexane ex- 
tract. With peptone present, the rate of loss was 
considerably greater, suggesting that certain types of 
organic matter may be involved in altering or seques- 
trating the insecticide. That the loss is apparent rather 
than real insofar as insecticidal effectiveness is con- 
cerned has been shown by bio-assay with mosquito 
larvae and by persistence of toxicity for certain in- 
sects in field soils for several years (Morrison and 
Crowell, 1952). The additional apparent losses at 10 
and 20 days indicate further transformation, sorption 
or volatilization of the compound during the incuba- 
tion and air drying periods. The rate of volatilization 
has been reported to be 3.39 X 1077 grams/em?/sec 
(Julius Hyman and Co.). If these losses were a physio- 
logical consequence of general microbial action in the 
soil, it would seem there should be greater decreases in 
those samples incubated with added peptone or other 
readily decomposable organic matter. Since peptone 
results in a considerable increase in microbial numbers, 
it is probable that with its addition organisms capable 
of attacking Aldrin could become more numerous. The 
indicated loss, or transformation, of the insecticide in 
these experiments is therefore concluded to be chiefly 
the result of factors other than microbial activities. 
It is recognized, however, that specialized organisms, 


not able to develop on ordinary culture media, may 
attack the Aldrin. Further work on this problem is in 


progress. 


On the basis of these experiments it is believed that 
Aldrin at rates as high as 1,000 ppm, excessive from 
the standpoint of recommended application, would be 
at most only slightly inhibitory to the physiologically 
significant groups of soil microorganisms with which 
the present study is concerned. Similarly, the definite 
and even marked stimulations of the general bacterial 
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flora, as shown by plate counts and respiration studies, 
would be likely to have only minor significance under 
field conditions. Variations in climatic factors and 
cultural practices, particularly as affecting moisture, 
temperature and aeration, have long been known to 
‘ause much greater changes. High residual concentra- 
tions of Aldrin are unlikely to accumulate in field soils 
even after successive reapplication; in practice only a 
few pounds per acre are used and the compound as 
such rapidly disappears from the soil. Therefore, it is 
doubtful that recommended concentrations for insect 
control would influence the soil microflora to any 
degree that would result in detectable changes in soil 
fertility. 


SUMMARY 


Ten Oregon soils, including six soil classes, were 
studied in the laboratory to determine the effect of 
Aldrin, applied at 200 and 1,000 ppm, on the soil 
microflora. 

Aldrin treated soils, with and without added peptone, 
showed increased bacterial populations; however, mold 
and Streptomyces counts showed stimulation as well as 
depressive effects not consistent with incubation time, 
treatment, or soil type. 

Aldrin had no apparent influence on the development 
of Azotobacter. 

The effects of Aldrin on ammonification and nitrifica- 
tion of peptone were minor and irregular. The absence 
of any marked effect is considered significant. 

Slightly larger amounts of carbon dioxide were 
produced in Willamette clay loam soil treated with 200 
or 1000 ppm Aldrin. 

Aldrin losses from laboratory treated soils appear to 
be largely the result of factors other than microbial. 

It is concluded that concentrations of Aldrin recom- 
mended for insect control will not affect soil micro- 
organisms sufficiently to produce significant changes in 
soil fertility. 
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he production of 2,3-butanediol from natural 
erials by fermentation offers a practical and 
iomical method for obtaining appreciable quantities 
his important chemical. A variety of substrates 
e been used satisfactorily such as wood hydrolyzates 
rlman,1944), wheat (Katznelson, 1944 ; Ledingham 
!., 1945; Ward et al., 1945) and corn (Ward et al., 
5). The use of several grades of beet molasses 
prepared from home-grown beets has been reported by 
British (Freeman and Morrison, 1947) and Canadian 
workers (Anastassiadis and Wheat, 1953). Excellent 
yields were obtained which compared favorably with 
those resulting from the use of pure sucrose. 

Although the characteristics of three distinct fer- 
mentations yielding this chemical have been determined 
(Freeman, 1947), of concern to us was the use of 
Aerobacter aerogenes since the fermentable carbo- 
hydrate in beet molasses is primarily sucrose. In this 
paper are presented the results of a study to determine 
the suitability of sugar beet molasses as a fermentable 
medium for the production of 2 ,3-butanediol. 


Experimental Methods 


Sugar beet molasses produced locally were found to 
contain 60 to 65 per cent sucrose; this material was 
diluted to various sucrose concentrations (4 to 22 per 
cent) by dissolving the desired amount of molasses in 
distilled water and heating to 50 C. Ten g of ground 
barley malt per liter of medium were added and the 
mixture stirred for 30 minutes at 50 C. The media were 
then transferred to 64-ounce bottles or 2-liter Erlen- 
meyer flasks fitted with openings for the aseptic 
introduction of liquids or solids and for the removal of 
samples of the fermenting media. All media were 
autoclaved for 20 min at 15 psi pressure. 

Reducing sugars were determined by the method of 
Stiles, Peterson and Fred (1926) following acid inversion 
as recommended by the A.O.A.C. (1940). 2,3-Butane- 
diol was determined by the periodic acid oxidation 
procedure of Brockman and Werkman (1933) following 
ether extraction of the alkaline media. By this method, 
quantitative recovery of pure 2,3-butanediol added to 

‘supported by a grant from the Nebraska Chemurgy 
Project. 

esent address: Division of Laboratories, Michigan Dept. 
of Health, Lansing, Michigan. 


fermented media was realized. A very dilute aerosol 
OT solution (1 to 2 ml) was added during the ether 
extraction to prevent foaming and this in no way 
influenced the analyses. Acetoin was determined by the 
method of Langlykke and Peterson (1937). Recovery of 
pure acetoin added to fermented media was complete 
by this method. Routine analyses in the early stages 
of this study revealed that the amount of acetoin 
formed under varying conditions was very small (65 
mg per cent). No further data were sought concerning 
the concentration of this end point. All pH measure- 
ments were made electrometrically. 

All experiments reported here were conducted at 
37 C. It was found during a preliminary experiment 
that, under the conditions in this laboratory, fermenta- 
tions carried out at 37 C were more rapid and complete 
(although often at lower efficiency) than at 32 C. 

A survey was made of the ability of nine strains of 
A. aerogenes to produce 2,3-butanediol. A 10-ml 
volume of a diluted beet molasses medium (10 per cent 
sucrose and | per cent malt) was inoculated with the 
test organism and incubated for 24 hr. The contents of 
this tube and 10 g of sterile calcium carbonate were 
added aseptically to a large flask containing 990 ml of 
the same medium. This fermentation, essentially 
anaerobic, was allowed to continue for 144 hr. At this 
time, the amount of sucrose fermented and butanediol 
produced were determined. The efficiency was calcu- 
lated on the basis that 2 moles of diol may be produced 
from each mole of sucrose fermented (0.526 g diol per 
g sucrose fermented). Three strains fermented 78 to 90 
per cent of the available sucrose and produced 44 to 60 
per cent of the theoretical amount of diol under these 
conditions. Strain A-5 was used in these further studies. 

Beresford and Christensen (1941) have indicated 
that the addition of small amounts of mold bran or 
malt to yeast fermentations involving beet molasses 
greatly improved the yield of ethanol. They suggested 
that these supplements supplied growth factors and 
nitrogenous components essential for the yeast and 
that enzymatic action may have increased the amount 
of fermentable carbohydrate. Our work demonstrated 
that the production of this diol was markedly improved 
by the addition of small amounts (1 per cent) of malt 
(McCall, 1943). 


In the following experiments, other than the aeration 
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studies, flasks containing 1.3 to 1.5 L of medium were 
employed and were inoculated with a 48-hr mass 
culture of A. aerogenes. The inoculum was prepared by 
washing the cells from the surface of a large flat bottle 
containing a 220-cm? area of nutrient agar (about 1 ¢m 
in depth). 

In the remainder of this paper are presented the 
results of a survey to determine the effect of the initial 
sucrose concentration, the use of calcium carbonate for 
pH control and aeration on the fermentation of sugar 
beet molasses. 


Effect of Sucrose Concentration 


In determining the optimum sucrose concentration, 
a number of factors were of importance. The osmotic 


pressure of the medium could not be such as to interfere 
with the growth of the bacteria. When the sucrose 
concentration is high, the fermentation may be 


retarded because the bacteria are unable to tolerate 
their own end products. This effect is illustrated 
figure 1. 

In a typical experiment, sucrose concentrations of 
1.2 to 16.4 per cent were used for fermentations over 
periods up to 4 days. Ten g of sterile calcium carbonate 
per liter of media were added after autoclaving. Media 
containing 4 to 6 per cent sucrose were almost com- 
pletely fermented in 24 hr (figure 1). The actual yield 
of diol was above 90 per cent of theory on the basis of 
the sucrose added. With sucrose concentrations above 
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Fic. 1. Utilization of sucrose in solutions of varying initial 
concentrations. 
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concentrations. 


2,3-Butanediol production with different suc)ose 


6 per cent, the fermentations were incomplete in many 
cases even after incubation periods of 98 hr and, 
although the actual yield per liter was greater, ‘he 
efficiency was lower than that found for low sucrose 
concentrations (figure 2). With high sucrose concen- 
trations, extending the fermentation period resulted in 
a more complete but always a less efficient fermentation. 

Although was possible that the incomplete fer- 
mentation of media containing high sucrose concen- 
trations was due to the accumulation of the end 
products and their adverse effects on the bacteria, no 
which diol was removed 
since the difficulties involved in its removal without 
producing deleterious effects on the unfermented 
residues are obvious. 


studies were conducted 


Use of Calcium Carbonate 


Although the pH of an unbuffered beet molz:sses 
medium (10 per cent sucrose) was 6.9 to 7.1 following 
sterilization, the production of organic acids «and 
CO» during the fermentation caused the pH to crop 
rapidly to 5.7 within 5 hr after inoculation regardless 
of the strain of A. aerogenes used or the initial p!! oi 
the media (range 5.8 to 7.4; see figure 3). After 2) hr, 
the pH had risen to 6.0 and sucrose decreased raj idly 
during the next 24 hr until the pH reached 5.5 or be ow. 
At this point the fermentation practically ce ised 
although the sucrose content was about 5 g per cit. 

A simple method of preventing extensive loweri: g 0! 
the pH was to add an excess (1 per cent) of st rile 
calcium carbonate following sterilization of the med um. 
In these cases the pH dropped to 6.1 to 6.3 seve. lu 
after inoculation (figures 3 and 4), and remaine | at 
6.0 to 6.2 until the major portion (70-80 per cen ) 0! 
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rig. 3. Effect of CaCOy and initial pH on sucrose utilization 
) contained CaCO, from start, initial pH 7.38; all other (ex- 
cept O) received CaCQOs after 91 hours (see arrow in figure). 
The initial pHs of each were: O, 6.30; @, 6.72; ©, 7.04;, @, 


3.85. 


the sucrose was fermented. The pH then slowly dropped 
below 6.0. Vigorous fermentation occurred while the 
pH was above 6.0 to 6.2 and was detected by con- 
siderable gassing and “head”? production during the 
first 18 hr and by the rapid decrease in the sucrose 
concentration. 

When calcium carbonate was added at some time 
subsequent to inoculation (generally when the pH of 
the unbuffered medium dropped to 5.2), the yield of 
2.3-butanediol was greater than when it was added 
with the inoculum (table 1). However, the time required 
for the complete utilization of the sucrose was con- 
siderably increased. A striking effect of the lack of 
carbonate during the early stages of the fermentation 
was that the fermentation was significantly delayed for 
the first 15 to 18 hr even though the pH of the medium 
Was maintained at 5.8 or above during this time (figure 
3). This same lag period also followed the first addition 
of carbonate (at 91 hr, figure 3). The fact that a less 
eff ient fermentation resulted when the carbonate was 
adied with the inoculum may be due in part to 
rei dering unavailable for butanediol formation certain 
int: rmediates as they are formed during the early 

es of the fermentation. This observation is \ in 
‘ol ‘rast to that of Ledingham et al. (1945) who reported 
the’ the best yields were obtained with Aerobacillus 
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Fic. 4. Effeet of aeration and CaCO, on sucrose utilization 
@ curve A, aerated, no CaCO; present until time indicated 
by arrow on curve; @ curve B, aerated for 24 hours only, 
with CaCO;; O curve C, aerated for 72 hours, with CaCOs;; 
D curve D, containing CaCO; but not aerated; © curve E, 
serated, no CaCO; present until time indicated by arrow on 
curve. 


polymyxa fermentations when calcium carbonate was 
added at the start of the fermentation. 


Effect of Aeration 

Although it is evident that theoretical considerations 
of the fermentation mechanism (Kluyver, 1931; 
Stahly and Werkman, 1942) postulate an anaerobic 
process, aeration may be of value in removing carbon 
dioxide produced in the process and thus have a 
stimulatory effect on the fermentation. Aeration has 
been employed by others to increase the rates of 
fermentation of naturally occurring materials by 
A. aerogenes (N.R.R.L. Report, 1942; Kluyver and 
Scheffer, 1933). The retention of this gas in unaerated 
media may account in part for the higher acidity 
generally encountered. These experiments were under- 
taken to determine the effect of aeration on the fer- 
mentation in the presence and absence of added calcium 
carbonate. 

Fermentations were conducted in pyrex test tubes 
(65 x 500 mm) containing 800 ml of beet molasses 
medium (10 per cent sucrose) and fitted with openings 
for the aseptic addition of solutions and withdrawal of 
samples. An automatic air pump (Wood ef al., 1940) 
was used to pass 65 ml of sterile air per min through a 
sintered glass dise at the bottom of the tube. This 
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TABLE 1. 2,3-Butanediol production by 
Aerobacter aerogenes (A-5) 
2,3-Butanediol Yield 


Initial . ; i 
hema Ber Sucrose Fermentation 
centration Utilized _ 


Per cent of theory 


Sugar Sugar 
utilized* addedt 


1 per cent CaCO; added with inoculum 


gm per cent per cent hr. gm per cent 


4.22 90.0 24 1.54 
5.66 i 24 2.01 
7.35 92.8 01 
9.23 90. 22 
10.60 82.5 
10 72. 
14.15 63 .6 
40 45. 
40 68. 
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1 per cent CaCO; added 91 hours after inoculum 


to 
io 2) 
=~ 


94. 
85 
79 
72 


94. 


~I 


5.76 100.0 191 
7.90 95.3 | 191 
10.10 92.3 191 
11.80 92.0 236 
14.20 65.3 236 
15.40 61.6 236 
18.50 58.2 236 
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oa 
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73.3 
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42.6 
45.: 
14.é 


65. 
73. 


76.! 
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wm OO He OO 
we 
— 


or ort 


* See text; based on actual sucrose fermented. 
+ See text; based on initial sucrose concentration. 


quantity of air was about one-half that used by Kluyver 
and Scheffer. The only organism used in these studies 
was A. aerogenes A-5. The preparation of the inoculum 
and the inoculation procedure were as described 
previously in the text. 

The importance of calcium carbonate and aeration 
are apparent in the several experiments reported in 
figure 4 and table 2. These data support the hypothesis 
that either the addition of calcium carbonate or aeration 
alone produced the same initial stimulatory effect on 
the rate of sucrose utilization. The most rapid fermenta- 
tion resulted with constant aeration in the presence of 
calcium carbonate. It is of interest to note that under 
anaerobic conditions, as reported above, fermentation 
of molasses containing 9 per cent sucrose and an excess 
of calcium carbonate was complete in 91 hr (curve D, 
figure 4) but that with continuous aeration the fer- 
mentation of the same medium was complete in 48 hr 
(curve C, figure 4). However, as in the previous 
experiments, higher efficiency of 2,3-butanediol pro- 
duction resulted when the addition of calcium carbonate 
was delayed until the fermentation was well under way. 

Early in the course of these investigations it was 
noted that one sample of beet molasses (* 1376) was 
fermented much slower than others even in the presence 
of malt. Sucrose utilization did not proceed above 50 
per cent of that when other samples were used. Several 
fermentations were carried out in which small amounts 


TABLE 2. Effect of aeration and CaCO; upon the productio 
2,3-butanediol by Aerobacter aerogenes (A-5) 


2,3-Butan 
Product 


Curves Initial Fer- 
in 
Figure 
4 


Sucrose | men- 
Concen-| tation 
tration | Time* 


Conditions of Fermentation 2 \ 
Final 
concen- 
tration 
gm per gm per 
cent F cent 

Nonaerated. 1% 9.70 2.99 

CaCO; added at 

time of inoculation 
Nonaerated. 1% 

CaCO; added 91 

hr. after inocula- 

tion 
Aerated continu- 

ously. 1% CaCO; 

added 91 hr. after 

inoculation 
Aerated 24 hr. 1% 

CaCO; added at 

time of inocula- 

tion 
Aerated continu- 

ously. 1% CaCO; 

added at time of 

inoculation 


* The time for 100 per cent utilization of sucrose. 


TABLE 3. Properties of recovered 2,3-butanediol 


Boiling point. . , + 198.3'C 
Melting point —-17 to —12C 
Density 35.......... oer her 1.108 
ee Le . 1.4810 (29 C 


1 ee ceeR ey ee Se 


of MnSO,, FeSO; and MgSO, were added but neither 
this combination of salts nor KH:PO, were effective in 
increasing the rate of fermentation. This sample of 
beet molasses contained 73.0 mg per cent residual SO, 
while the others which were readily fermented contained 
65 mg per cent or less. No attempt was made to lower 
the SO, content and then test for fermentability. 


Characteristics of Product 


Using a rectifying column, a small amount of ».3- 
butanediol was recovered from fermented media «nd 
purified by fractional distillation for characterization. 
The pure product had the properties recorded in table 
3 which indicate that it was a mixture of the d- and 
meso forms with a preponderance of the latter (Wird, 
et al., 1944). 


Summary 
The preparation and fermentation of media fom 
molasses prepared from regionally grown sugar }:cts 
by several strains of Aerobacter aerogenes are descri’ ed. 
With low sucrose concentrations (4 to 6 per cent) .nd 
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i) the presence of malt and excess calcium carbonate, 
fermentation proceeded rapidly to completion in 24 hr. 
A: higher sucrose concentrations (to 17 per cent) 
fcrmentations were incomplete and less efficient. 

One per cent calcium carbonate resulted in efficient 
control of the pH. 

Continuous aeration stimulated the rapid utilization 
0! sucrose and materially aided in pH control. 
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Disinfection of sickroom clothing and bedding for 
which high temperatures are unavailable or impractical 
because of damage to the fabric is frequently a perplex- 
ing problem. Woolen garments and blankets are es- 
pecially troublesome. 

The need for information on the value of quaternary 
ammonium germicides now available prompted studies 
on the bacteriostatic, sanitizing, and disinfecting prop- 
erties of these agents (Latlief ef al., 1951, 1952, 1952a). 
The results of these investigations showed quite clearly 
that germicides of this class, when applied at proper 
concentrations on cotton fabric, would provide certain 
practical residual bacteriostatic benefits, pronounced 
sanitizing activities and disinfection. Considerably 
higher concentrations were necessary to disinfect than 
to sanitize or to provide bacteriostatic effects. More- 
over, the efficacy of the germicides depended on the 
bacterial population of the initial contamination, fabric 
inoculated with large numbers of organisms requiring 
more concentrated solutions. 

The hypochlorites of sodium and calcium are fre- 
quently recommended for their disinfecting as well as 
bleaching properties. Direct evidence on the germicidal 
value of both hypochlorites and quaternary ammonium 
germicides for fabrics of different composition is meager. 

The purpose of these investigations was to determine 
the effective concentrations of a sodium hypochlorite 
and of a selected quaternary ammonium germicide 
which would disinfect a given weight of cotton and 
wool fabrics immersed in a standard volume of the 
germicide. The procedures employed also offered an 
opportunity to ascertain the degree of adsorption of 
these chemicals from solutions by fabrics of different 
composition, and to bring into focus some of the basic 
problems concerned in the use of disinfectants on 
cellulosic and proteinaceous fabrics. 


PROCEDURES 


Sodium hypochlorite and alkyl (Cs-Cis) dimethyl 
benzyl ammonium chloride were selected as the dis- 
infecting agents for use in these studies. Three grams 
of fabric to 100 ml of disinfecting solution were chosen 
as a realistic fabric-water ratio and one which would be 
feasible to apply in the disinfection of clothing. 

Three grams of cotton gauze fabric were cut, for ease 
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in aseptic handling, into two 4 by 5-inch half samp 
Three grams of wool flannel yielded two 3!4 by 3!9-i: 
half samples. The cotton samples were steam sterili 
in Petri dishes for 20 minutes at 115 C and dried 0\ 
night at 105 C. Just before using, the wool samples w 
autoclaved for 11 minutes only, the minimum time 
termined experimentally to yield sterile samples. 

cooling, the damp wool samples absorbed the inocu! 
readily. 

The test organisms, Escherichia coli and Micrococ 
pyogenes var. aureus 209, were cultured and stored 
medium specified by the Association of Official Agri- 
cultural Chemists (1950) containing per liter, beef cx- 
tract, 5 g; sodium chloride, 5 g; Armour’s peptone, 10 
g; Bacto-agar, 15 g; pH 7.2 to 7.4. Daily transfers in 
nutrient broth (same as above without agar, pH 6.8 
provided cultures to seed Kolle slants of Bacto Tryp- 
tone Glucose Extract Agar, composed per liter of beef 
extract, 3 g; tryptone, 5 g; glucose, 1 g; agar, 15 ¢; 
pH 7.0. The inocula, obtained by washing the 24-hour 
cultures from the surface of the Kolle slants and filter- 
ing, were standardized from readings on the Klett- 
Summerson colorimeter and diluted to contain «p- 
proximately 10 million organisms per ml. Phenol 
coefficients and resistance to Hyamine 1622! were 
established weekly for 7. pyogenes var. aureus, accord- 
ing to the procedures of the A.O.A.C. (1950). 

Five 3-gram samples of fabric were each inoculated 
with 4 ml of the specific bacterial suspension, and int ro- 
duced into pint jars containing 96 ml of the germicide. 
The jars were agitated in a launderometer at the test- 
ing temperature and for the appropriate time. With 
sterile forceps the fabric was removed from the gerimi- 
cide, wrung out by twisting and then placed in 
neutralizer. From the hypochlorite disinfectant, es ch 
half sample was introduced into a 1-inch test tube e.n- 
taining 20 ml of fluid thioglycollate broth, obtai: ed 
from the Baltimore Biological Laboratory with °!e 
following formula per liter, trypticase, 15 g; /-cysti ic, 
0.75 g; dextrose, 5 g; yeast extract, 5 g; sodium chlori 'e, 
2.5 g; sodium thioglycollate, 0.5 g; resazurin, 0.001 ¢ 
agar, 0.75 g. This medium neutralized the residual av: l- 
able chlorine and served as substrate for growth of | .¢ 


he 


1 Di-isobutyl phenoxy ethoxy ethyl dimethyl benzyl 
monium chloride, monohydrate. 
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urviving organisms. For the quaternary, 20 ml of 5 
r cent Tamol N®* solution were used for each half 
mple (Goetchius, 1949). After 90 minutes the half 
mples were again wrung aseptically and subcultured 
20 ml of tryptone glucose extract broth, (T.G.E.). 
All tubes were incubated at 37 C for 48 hours. As 
itrols, samples of the cloth inoculated with the test 
ysanisms were immersed in distilled water and sub- 
ted to agitation. Estimation of numbers of organisms 
noved from the fabric by this treatment was made 
plating aliquots of the rinse water. Autoclaved test 
nples subcultured in T.G.E. broth also served as 
itrols. 

Effective germicidal treatment was indicated by lack 

growth in all ten replicates of subcultured half 

nples at the end of the incubation period. 

lo detect the survival of the test organism, FL. coli, 

turbid subculture tubes were streaked on Eosin 
ethylene Blue plates containing per liter, Bacto- 

»-ptone, 10 g; lactose, 5 g; saccharose, 5 g; dipotassium 
osphate, 2 g; agar, 13.5 g; eosin Y, 0.4 g; methylene 
ue, 0.065 g. With the studies. using WM. pyogenes var. 
reus, all tubes showing growth were streak-cultured 

on tryptone glucose extract agar and the development of 
the test organisms denoting ineffective treatment, was 
confirmed by examination for typical pigmented 
colonies and by subsequent gram staining. 

In order to estimate how much of the disinfectant was 
adsorbed by the cotton and wool fabrics, the concentra- 
tions of available chlorine and quaternary were de- 
termined in the original germicidal solutions and after 
removal of the fabrics from test solutions. Available 
chlorine was estimated by the method outlined by 
Theroux ef al. (1936), substituting concentrated HCl 
for glacial acetic acid. For the quaternary, the Auer- 
bach (1943, 1944) colorimetric assay method was em- 
ployed. Solutions were diluted to contain 25 to 100 
micrograms of quaternary, thus giving on the Klett- 
Summerson colorimeter with red filter *60, readings 
from 50 to 220, a range of low error (personal com- 
munication). 

RESULTS AND DISCUSSION 

The results of the disinfection studies are recorded 
in table 1, the adsorption data in figures 1, 2, 3, and 4, 
and the combined data in table 3. 

ixamination of the results in table 1 shows that both 
cotton and wool fabric may be disinfected by sodium 
hypochlorite and by alkyl (Cs-C,s) dimethyl benzyl 
ammonium chloride. With the hypochlorite and cotton, 

-minute exposure period was more effective than 

‘-minute treatment, but no increase in effectiveness 

gained by elevating the temperature. Thus, the use 
hypochlorite in sufficient concentration should 
inate effectively from cotton fabric, micoorganisms 


tohm and Haas Company, Philadelphia, Penna. 


of both the coliform and gram _ positive pyogenic 
varieties, 

Wool fabric requires more available chlorine for dis- 
infection than cotton, but is more easily disinfected 
if inoculated with #. coli than with MW. pyogenes var. 
aureus. The concentrations, 300 to 800 ppm, yellowed 
the wool undesirably and with the alteration in ap- 
pearance, a reduction of the initial hypochlorite solu- 
tions from pH 9-9.4 to 5.6-5.9 occurred. Increasing 
the temperature definitely increased the efficiency of 
the hypochlorite and although not of great magnitude, 
the temperature effect was measurable whereas no 
measurable effect was found with cotton. The exception 
to be noted is that in which M. pyogenes var. aureus 
required 600 ppm available chlorine at both 20 and 
45 C. Also, a 10-minute exposure period required less 
available chlorine than a 5-minute in all instances ex- 
cept for M. pyogenes var. aureus. 

The data obtained in using the quaternary reveal 


that neither time nor temperature increases promote 


the efficacy of the germicide when cotton is inoculated 
with /. coli. Moreover, twice as much of the germicide 
is required to disinfect cotton inoculated with V/. 
pyogenes var. aureus than with £. coli under all condi- 
tions except at 45 C for 10 minutes. That a 10-minute 
exposure period and an increase in temperature of 25 C 
brought about a tenfold increase in germicidal efficiency 
for M. pyogenes var. aureus, as judged by concentration, 
should be noted. 

The concentrations of quaternary which will dis- 
infect wool inoculated with the two organisms are con- 
siderably less than those effective for cotton. Increases 
in time and temperature promote the germicidal action 


TABLE 1. Disinfection of inoculated cotton and wool fabrics with 


two germicides 
Minimum Disinfecting Concentration 


Alkyl (Cs-Cis) dimethy! 


Sodium hypochlorite 
dium hypochlorite benzyl ammonium chloride 


Time 
Micrococcu , Vicroce ‘ 
ites E chertichia ! CF OCOCES 


pyogenes li pyogene 
co. 
var. aureus var. aureu 


Escherichia 
colt 


Cotton 


min ppm ppn 


5 10 1000 
10 f 8 1000 


1S 1000 
1000 


Wool 


800 
600 


300 
600 
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ewww 95°C 10 min. 
eeeeetS°C 5 min. 


wintwee 20° 10 min. 


mene COSC 5 nin. 
1 a ee 
1¢ 20 
PPM AVAILABLE CHLORINE 
Fig. 1. Per cent available chlorine removed by 3 grams 
cotton fabric from 100-ml disinfecting solutions. 


of this germicide for both organisms. Although the gram 
positive cocci tend to be more sensitive to the quater- 
naries than the gram negative rods when tested accord- 
ing to the phenol coefficient or dilution tube methods, in 
these studies using cellulosic and keratinous carriers, 
the susceptibility has been reversed, showing that less 
quaternary is required to eliminate L. coli than is needed 
for M. pyogenes var. aureus. 

In figure 1 are presented graphically the data which 
show that cotton removes 70 to 90 per cent from solu- 
tions which contain 10 to 30 ppm available chlorine. 
The apparent difference in adsorption between 5- 
and 10-minute exposure periods may be within the 
range of experimental error at the low concentrations 
studied. The average of two determinations was used 
in plotting the curves shown in this figure. It should be 
noted that the general character of the four curves is 
the same. These curves suggest that the percentage ad- 


sorption may increase slightly as the concentration 
increased from 5 to 15 ppm with a gradual decre: 
thereafter. 

That wool reacts chemically with available chlor’ 
has long been recognized (figure 2). If treated with av: 
able chlorine under carefully controlled conditio 
however, wool may be made resistant to shrinkage. 
review of the literature concerning such treatments 
well as some of the factors affecting the reaction | 
tween available chlorine and wool are reported 
Frishman et al. (1948). 

The adsorption curves indicate that this react 
may be constant in low concentrations of availa 
chlorine, such as 25 to 50 ppm, and the constancy is 
hibited by an initial drop in the percentage remo 
curve. Above 100 ppm, however, irrespective of ti 
and temperature, the capacity of the wool to react 
available chlorine increases until almost complete < 
appearance of the chlorine from solution occurs. Atte i- 
tion should be called to the fact that fewer than 1 
ppm of available chlorine were found adequate to dis- 
infect wool inoculated with FE. coli whereas for M. pyjo- 
genes var. aureus up to 800 ppm were required. The 
results with M. pyogenes var. aureus emphasize thie 
undesirability of using a hypochlorite as a disinfectant 
for wool fabric since the high concentrations found cf- 
fective also damage the fabric, and in these studies 
such treatments were carried out only to determine 
into what concentrations the competitive action of the 
keratin would continue. 

To aid in the discussion of the results with the quater- 
nary germicide, some of the concentrations used in this 
study are listed together with the equivalent mg per 100 
ml of disinfectant as well as the corresponding dilution 
(table 2). 

It can be seen in figure 3 that when the concentration 
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Fig. 2. Per cent available chlorine removed by 3 grams wool fabric from 100-ml disinfecting solutions 
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TanLE 2. Equivalent concentrations of alkyl (Cs-Cis) dimethyl 
benzyl ammonium chloride 


Ppm Mg per 100 ml Dilution 


26 2.5 40,000 
50 5 :20,000 
10 :10,000 
20 75,000 
25 24,000 
50 72,000 
66.6 71,500 
100 71,000 
200 7500 


of tue germicide is low, the per cent adsorption is high 
but as the concentration increases, the per cent removed 
from the solutions by the cotton fabric decreases 
rap. dly. With cotton the adsorption is only slightly 
affected by time and temperature changes. In contrast, 
wit wool (figure 4) as concentrations increase, the 
relative amounts removed by the fabric decrease gradu- 
ally. Also, increases in time and temperature promote 
the adsorption of the quaternary by the keratinous 
protein. 

In order to facilitate the comparison of information 
developed concerning adsorption with that of disinfec- 
tion, these data have been combined in table 3. The 
results of these studies suggest that in the disinfection 
of cotton fabric, sufficient quaternary must be present 
to satisfy the adsorptive capacity of the cellulosic ma- 
terial first and to provide, in addition, an adequate con- 
centration to eliminate the microorganisms as well. 
For example, no disinfection of cotton inoculated with 
E. coli was obtained until an initial concentration of 
100 mg of quaternary was used. After adsorption, 72 to 
§2 mg remained in solution, providing 720 to 820 ppm. 


% QUATERNARY REMOVED 


3 














200 400 
MG QUATERNARY PER 100 ML 


Fic. 3. Per cent quaternary removed by 3 grams cotton 
‘abric from 100-ml disinfecting solutions. 
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Fic. 4. Per cent quaternary removed by 3 grams wool fabrie 
from 100-ml disinfecting solutions. 


That the factors involved in disinfecting wool are 
different from those of cotton may be concluded from 
the conditions under which £. coli was eliminated from 
this fabric. Here the original concentrations up to 25 
mg, depending on time and temperature, are lethal for 
this organism, and under these conditions only slightly 
more than 100 ppm were left unadsorbed. 

If the adsorption data for the two fabrics with an 
initial concentration of 100 mg are compared, it is ap- 
parent that cotton adsorbs 6 to 9 mg per gram of fabric 
while wool adsorbs 8 to 15 mg per gram. The explana- 
tion of the affinity of the quaternary for the different 
fabrics undoubtedly is due to the physical and chemical 


TABLE 3. Adsorption of quaternary* by 3 g of fabric from 100-ml 
solutions and disinfecting concentrations 

Initial Final 

Concen-|Adsorbed Concen- 

tration tration 


Micrococcus pyogenes 
var. aureus 


Escherichia coli 


Cotton 


mg/100  mg/100 | mg/100 
ml ml ml 
20 15 5 No disinfection 
50 (10-17.532.5-40 No disinfection 
100 18-28 | 72-82) All times and 
| temp 
200 (30-40 160-170 All times 


temp 


45 C-10 min. 
No disinfection 


and 


Wool 


10 5-7.5 | 2.5-5 |All times and 
20 6-11 | temp 


/ 


No disinfection 


50 | 18-30 | 20-32 |All times and 
100 | 23-45 | 55-77 ) temp 


* Alkyl (Cs-Cis) dimethyl benzyl ammonium chloride. 
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characteristics of the cellulosic and keratinous ma- 
terials which determine the nature and degree of ad- 
sorption. The data tend to support the assumption 
that cotton may inactivate some of the quaternary 
while with wool the quaternary is not inactivated, but 
on the contrary, by attraction to the fabric, may 
undergo local accumulation. To illustrate, in an initial 
concentration of 50 mg, cotton inoculated with /. coli 
adsorbs up to 17.5 mg of quaternary but the organism 
survives. Inoculated on wool, this same organism 1s 
killed concurrently with 14 mg or less of the quaternary, 
adsorbed from an initial concentration of 20 mg. 

If the residual unadsorbed concentrations of the 
quaternary are considered, it is apparent that in most 
cases the concentrations are higher than are necessary 
to kill the unprotected cells of the test organism in the 
phenol coefficient method of the Association of Official 
Agricultural Chemists. Studies of bacterial populations 
in germicidal solutions and of treated cotton fabric 
suggest that cells do survive on the fabric, but at the 
same time cannot be demonstrated in the original or 
Tamol N solutions in which the inoculated fabric has 
been treated. 

The explanation for the fact that more quaternary 
is required to disinfect both cotton and wool fabric 
inoculated with M. pyogenes var. aureus than is re- 
quired for E. coli is not apparent. The physical and 
chemical properties of the fabrics controlling the ad- 
sorption of chemicals and the factors governing the 
reaction of cells under such conditions would have to 
be more fully known to account for the reversal of sensi- 
tivity exhibited in these studies. The results indicate, 
however, that the adsorptive characteristics of the fiber 
can be the controlling factor in determining the ef- 
fectiveness of any given concentration of a germicidal 
quaternary as a disinfectant for fabrics. 

In these studies using #. coli and M. pyogenes var. 
aureus, the data suggest that the disinfectant of choice 


for wool garments would be a selected quaternary am- 
monium compound, thus avoiding the undesirable 
effects produced by heat and the damage which would 
be expected in the use of chlorine. On the other hand, a 
germicide providing available chlorine appears desirable 
for undyed cotton fabric. 


SUMMARY 


The concentrations of available chlorine from sodium 
hypochlorite and of alkyl (Cs-C,s) dimethyl benzyl 
ammonium chloride which disinfect 3 grams of cotton 
and wool fabrics, inoculated with Escherichia coli and 
Micrococcus pyogenes var. aureus 209 and treated in 


100 ml of the germicides, have been determined un |e 
various conditions of time and temperature. 

Cotton requires 8 to 20 ppm and wool 41 to 800 } 5m 
of available chlorine. The reaction of the wool \ it} 
high concentrations of chlorine damages the \ 3 
fabric. With the quaternary 200 to 2000 ppm disinfe: ¢« 
cotton whereas only 100 to 666 ppm were required {0 
wool. 

Cotton adsorbs from 70 to 90 per cent when avail ||) 
chlorine concentrations are as low as 10 to 30 pom 
As much as 98 per cent disappears from solution « 
taining 800 ppm when wool is treated with hypochlo. ite 

In low concentrations of quaternary, cotton fa sri 
adsorbs as much as 75 per cent but in high concen ra- 
tions relatively little is removed. Wool removes 2.: to 
75 per cent of quaternary from solutions with in ‘ia! 
concentrations ranging from 10 to 100 mg of germicide 
In low concentrations the loss to the fabric is hig! 

In most instances both cotton and wool inocul: ted 
with VW. pyogenes var. aureus require a higher concen- 
tration of both of these germicides than is needed fo) 
E. coli. 

The factors controlling the efficacy of germicides fo) 
fabrics of different composition are discussed. 
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‘he red pigment of Serratia marcescens Was isolated 

named ‘‘prodigiosine’” by Kraft (1902). Wrede 
| Hettche (1929), Wrede (1930 and 1932), Raunditz 
33), and Wrede and (1933-1934) pre- 
ted a series of papers on the chemistry of the mole- 
- and defined the structure as a tripyrryl methene. 


Rothhaas 


dligiosin has been shown by a number of investiga- 

s to be active in vitro against a number of pathogenic 

tozoa and fungi. Limited clinical studies by Weir 

il. (1952) have shown it to be of some promise as 

therapeutic agent in treatment,of disseminated coccid- 
joidomyecosis. Previous investigators, who required 
only small amounts of material, cultured the organism 
by surface growth on agar media. Lack (1949) used 
an agar medium contaning mannitol, Neopeptone, and 
magnesium sulfate. Surface culture methods are cum- 
bersome and not adapted to production on a large scale. 
The purpose of the present study was to investigate 
the production of prodigiosin by submerged culture 
methods. 

EXPERIMENTAL METHODS 

Cultures of S. marcescens were carried by mass 
transfer on the mannitol agar medium of Lack (1949). 
Saline suspensions of cells were used to inoculate 200 
ml of the various experimental media in one liter Erlen- 
meyer flasks. Flasks were incubated at 28 C with re- 
ciprocal shaking at 80, 2-inch strokes per minute. 

A colorimetric assay based on the peak absorption at 
}40 mp was employed. Representative samples of whole 
cultures were diluted 1:10 in n/10 methanolic HCl, 
shaken mechanically to extract the pigment from the 
cells and centrifuged to obtain clear solutions of pro- 
digiosin hydrochloride in methanol. These solutions 
were then diluted with methanol to contain between 
0.2 and 3.0 ug/ml of prodigiosin. Transmission readings 
weie then made using an Evelyn colorimeter with a 
40 my filter. By this method, levels of prodigiosin as 
low as 5 ug/ml in the culture could be detected with 
reasonable accuracy. 


RESULTS AND DISCUSSION 
urition. The mannitol-Neopeptone medium of 
Lac < (1949) gave promising results in initial shake flask 
exp riments and was therefore adopted as a starting 
poi’ t for development of the submerged process. The 
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main disadvantage of this medium for commercial 
use is the prohibitive cost of Neopeptone. A series of 
shake flasks were therefore run using various crude 
nitrogenous materials in place of Neopeptone. It 
will be observed (table 1) that all of the soy products, 
With one exception, were about equal to or superior to 
Neopeptone. The one exception is expeller type soy 
meal. The expeller process involves use of heat. It is 
therefore probable that a heat labile substance is pres- 
ent in soy bean meal which acts as a precursor or stim- 
ulant for the biosynthesis of prodigiosin. 

In the next series of shake flasks various carbon 
sources were substituted for mannitol in a basal Nutri- 
soy' medium. Of the seven carbon sources tested (table 
2) only the polyhydric alcohols, mannitol and sorbitol, 
were found to yield satisfactory amounts of pigment. 
Waring and Werkman (1943) reported that in a chemi- 
cally defined medium containing glucose as the carbon 
source, a critical amount of iron, about 0.3 ppm, was 
necessary for pigmentation by S. marcescens, and at 
higher amounts of iron no pigment was formed. 

The effect of added iron to the sorbitol-Nutrisoy 
medium was tested. It will be observed (table 3) that 
addition of iron (supplied as FeSO,-7H.O) up to 100 
ppm did not result in decreased yields, but at 200 ppm 
less prodigiosin was formed. It would appear that the 
polyhydric alcohols afford protection from the toxic 
effects of high iron concentration and thus may explain 
why sorbitol and mannitol are superior carbon sources 
for the fermentation. While it might be possible to 
obtain high yields of prodigiosin with glucose, it ap- 
pears that control of iron within definite low limits 
might be essential, and difficult on a commercial scale; 
therefore, no further effort was made to utilize this 
carbon source for the fermentation. 

The next step was to find the optimum ratio of sor- 
bitol and Nutrisoy. The highest yields were obtained 
(table 4) in media which contained about a 2:1 ratio 
of sorbitol to Nutrisoy. Higher proportions of nitrogen 
source resulted in higher pH and lower yields. This 
ratio may be beneficial in controlling the pH within the 
optimum range for biosynthesis of prodigiosin. While 
high yields were obtained with medium concentrations 

1 Product 
Minnesota. 


of Archer-Daniels-Midland Co., Minneapolis, 
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TABLE 1. Effect of various crude nitrogen sources on the biosyn- 
thesis of prodigiosin by growth of Serratia marcescens in 
shake flask culture .* 


: Prodigiosin, 
Nitrogen Source 1 per cent ug/ml at 
54 hr 


Bacto Neopeptone’ Sea enee 275 
Phytone*. ae iat 110 
NZ Case*........ . ce 5 
Casamino acids¢ 5 
Casein4 ; 5 
Raw soy grits®.. 

Expeller type soy meal¢ 

Solvent ext’d. soy meal? 

Soy flours 

Nutrisoy flakes?. 

Distillers dried solubles/ 5 
Lactalbuminé A ey ee 5 
Gelatin SA Pa yee gen 7 90 
Beef stick liquor.............. err 110 
Glycine ce tens ee RR: ak 5 


@ Basal medium: Mannitol, 1%; MgSQ,-7H.O, 0.125%; 
tap water, and pH adjusted to 5.0 with HCl. 

> Product of Difco Laboratories, Detroit, Michigan. 

¢ Product of Baltimore Biological Laboratory, Baltimore, 
Maryland. 

4 Product of Sheffield Farms Company, Inc., New York 
City. 

¢ Product of A. E. Staley Mfg. Co., Decatur, Illinois. 

J Merchants Distilling Corporation, Terre Haute, Indiana. 

Product of Archer-Daniels-Midland Co., Minneapolis, 
Minnesota. 


TABLE 2. Effect of various carbon sources on the biosynthesis of 
prodigiosin by growth of Serratia marcescens in shake 
flask culture* 


Prodigiosin, ug/ml 
Carbon Source, 1 per cent 
24 hr 48 hr 


d-Mannitol . . 5 ie 256 267 
d-Sorbitol....... Se eae 252 265 
ee ane 5 5 
Sucrose........... Y 8 15 
Soluble starch 10 33 
Dextrin..... ae 26 38 
Glycerol ‘ ss bests — 30 


* Basal medium; Nutrisoy flakes, 1%; MgS0O,-7H.0, 
0.125%; tap water, and pH adjusted to 5.0 with HCl. 


TaBLE 3. Effect of addition of Fe*t* to a sorbitol-Nutrisoy 
medium on yields of prodigiosin in shake flask culture* 


Yield of Prodigiosin, ug/ml 
Added Fet*t 


24 hr 48 hr 


ppm 
0 225 520 
20 177 520 
100 103 530 
200 0 60 


* Basal medium; p-sorbitol, 3%; Nutrisoy flakes, 1.5%; 
MgS0O,-7H20, 0.125%; tap water, and pH adjusted to 5.0 with 
HCl. 

{ Supplied as FeSO,-7H,0. 


TABLE 4. Effect of variations in amounts of sorbitol and Nut; 
flakes on yield of prodigiosin in shake flask culture* 


: oe 24 8 72 
Sorbitol, |Nutrisoy, Hr 48 Hr 72 Hr 


Per cent | Per cent 
pH pg/ml pH pg/ml pH 


o~ 
So 


).20 280 9.20 
.70 12 8.35 
.70 400 3.00 
40) 285 4.60 
12 405 4.50 
70 285 — 
70 40 


210 


~ sI 


: ; 194 
3.0 _ 5.6 245 
3.0 0 ».4€ 150 
3.0 2.0 5.f 27 


“J or or Or 


* Media also contained 0.125% MgSO,;-7H.O, was mad 
with tap water and pH was adjusted to 5.0 before autocla\ 


Fig. 1. Colony types of Serratia marcescens grown on sorbi 
tol-Neopeptone agar at 28 C. The encircled colony, R-20, is 
a R nonmucoid type. It was picked, subcultured, and used 
successfully to give high vields of prodigiosin in both shake 
flasks and in agitated-aerated fermentors. 


of 1 per cent sorbitol and 0.5 per cent Nutrisoy, the 
most consistently high results were obtained with 3.0 
per cent sorbitol and 1.5 per cent Nutrisoy. This com- 
bination was therefore used in all subsequent experi- 
ments. 

Culture studies. At this point, certain problems still 
remained to be solved. First, growth of the mucoid 
type culture resulted in a viscous broth from whivh it 
was difficult to filter the pigment containing ells. 
Second, shake flask results had not been duplicated in 
small stirred-aerated fermentors. Breed (1937) de- 
scribed various colony types of S. marcescens incl ‘ing 
combinations of mucoid, nonmucoid, R and § t: pes. 
It was thought that a R nonmucoid type of growth 
might afford certain advantages; 1) easier filtr: 10, 
and 2) less foaming during submerged-aerated gro vth. 
An attempt was therefore made to select R  .on- 
mucoid types from the original S mucoid culture. ‘ells 
were diluted in saline and plated out on Neopep »ue- 
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PRODUCTION OF PRODIGIOSIN 


T:BLE 5. Comparison of yields of prodigiosin by R nonmucoid 
and S mucoid strains of Serratia marcescens* 
Yield of Prodigiosint, ug/ml 


Type of Culture 24 Hr | 48 Hr 
Min Max Avg Min | Max 


50 82 62 | 65 88 
150 280 186 110 410 
73 250 114 87 | 374 
197 225 210 426 470 
75 | 222 183 117 , 420 
95 240 176 276 450 


Medium: b-sorbitol, 3%; Nutrisoy flakes, 1.5%; MgSO,- 


71.0, 0.125%; tap water, and pH adjusted to pH 5.0 with 
H | before autoclaving. 
Results for 5 replicates. 


so bitol agar. It will be observed (figure 1), that a few 
R nonmucoid type colonies were obtained. Some of 
these were picked and subcultured. Comparative shake 
fi: sk fermentations using 3S and 3 R nonmucoid type 
cultures were made (table 5). Yields for one R non- 
mucoid culture, Rl, were consistent and averaged 
450 pg/ml of prodigiosin at 48 hours. Cells from R non- 
mucoid cultures, Rl and R3, settled out readily on 
standing (figure 2). Microscopic observation of cells 
from cultures Rl and R3 corresponded with the ob- 
servations of Breed for R nonmucoid cells. 

Culture Rl performed very well for several fermen- 
tations and a yield of over 300 ug/ml was obtained in a 
10-liter, stirred-aerated fermentor. Cultures were easily 
filterable and foaming was greatly reduced. However, 
after about one month erratic yields were obtained. 
Another series of single colony isolates was made and a 
number of R nonmucoid cultures were tested. From 
these, one R nonmucoid culture, R20, was obtained 
which produced consistently over 700 yg/ml of pro- 
digiosin in the 48 hours. Also, it was observed that the 
original R1 culture could be induced to produce equally 
well if the usual type cotton-plug closure was removed 
from the flask after about 6 hours incubation. It is 
thought that this observation demonstrates the highly 
aerobic conditions necessary for the process and an 
instability in oxygen demand of cultures for maximum 
pigment production, It was not necessary to remove the 
plugs for maximum production by the R20 culture. 

l'ermentations in stirred-aerated fermentors. In scaling 
up the process, three different size agitated aerated 
fermentors were used. Since essentially the same re- 
sulis were obtained in all three different size fermen- 
tors, data from only one representative run, made in a 
2000-gallon fermentor, is given. Twelve hundred gal- 


lons of the sorbitol-Nutrisoy medium were sterilized 
in» bateh cooker for 90 minutes at 121 C and blown 
into the fermentor with sterile air. After cooling, the 
feri. entor was inoculated with 30 gallons of an inocu- 
lum which had been grown for 16 hours in a 100-gallon 
aer: ted seed tank. Figure 3 illustrates the pH curve and 


R 


Fic. 2. Three R cultures and one § culture of Serratia mar- 
cescens grown in a sorbitol-Nutrisoy medium in shake flasks 
at 28 C. 
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Fic. 3. Biosynthesis of prodigiosin in a 2000-gallon agi- 
tated-aerated fermentor containing 1200 gallons of sorbitol- 
Nutrisoy medium inoculated with Serratia marcescens. In- 
cubation at 28 C and aerated at 100 CFM. 


titers produced during the course of the fermentation. 
The maximum rate of production, 40 yg/ml/hr, oc- 
curred during the period between 15 hours to 26 hours. 
Prodigiosin was isolated from the fermentor culture. 
It was shown to be analytically pure. 


Per cent C Percent H Percent N 
Calculated for CoHwN;O3... 74.27 7.79 12.99 
74.25 7.86 12.80 
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SUMMARY 


A process for production of prodigiosin by submerged 
culture methods is described which has given yields 
in excess of 700 ug/ml in 48 hours. Nitrogen sources 
other than soy meal products may be utilized for the 
biosynthesis of prodigiosin. However, carbon sources 
other than mannitol or sorbitol did not give satisfac- 
tory yields. R nonmucoid strains of Serratia marcescens 
gave higher yields, foamed less during growth, and 
filtered better than S mucoid forms. A R nonmucoid 
strain was selected for ability to give high yields under 
conditions of limited aeration. This culture, R20, was 
found to produce prodigiosin satisfactorily by deep 
culture methods. 
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Bacterial growth in cutting oils, used in machine 
shops as lubricating and cooling aids, presents a con- 
siderable problem in industry. Bacteria in cutting oils 
are undesirable because 1) they interfere with the de- 
sired qualities of the oil, 2) objectionable odors are 
formed, 3) they may contribute to dermatitis and skin 
infections and 4) metallic surfaces may be corroded. 
In emulsion cutting oils bacterial growth may also lead 
to discoloration of the oils and breaking of the emulsion 
due to pH changes. 

One of the most important problems pertaining to 
cutting oil is the occurrence of cutting oil dermatitis. 
Some investigators believe that bacteria alone are the 
cause of this condition while Schwartz (1941) does not 
believe this is possible. Lee and Chandler (1941) state 
that the most probable explanation is that cutting 
oil clogs the ducts in the hair follicles, resulting in 
mechanical congestion and irritation. This factor 
coupled with the presence of particles of metal, dirt, 
bacteria, and irritating compounds in the oil tend to 
aggravate the infection. 

Bacteria have been shown to grow in cutting oil 

1 This research was conducted in connection with a special 
project for Humble Oil and Refining Company, Houston, 
Texas. 


emulsions (Lee and Chandler 1941; Liberthson, 145 
Westveer 1951; Fabian and Pivnick 1953), but appar- 
ently they do not grow in heavier straight cutting oils 
due to the absence of water. 

Bacterial populations of cutting oils have been found 
to be extremely high. Duffett et al. (1943) found that 
the majority of 634 samples of emulsion type cutting 
oils taken from machines in 325 different factories had 
bacterial counts of over 1 million per ml by the stand- 
ard agar plate method. Lee and Chandler (1941) re- 
ported that bacterial counts of cutting oils were seldom 
less than 15 million per ml and sometimes exceeded 
50 million per ml. 

With regard to the types of bacteria found in cutting 
oils, Lee and Chandler (1941) found them to con‘ain 
an organism which they named Pseudomonas «/e0- 
vorans in almost pure culture. Duffett et al. (1043 
found the most commonly occurring bacteria in cut ‘ing 
oils to belong to the genus Pseudomonas; however, ‘hey 
also were able to isolate other organisms of diffe ent 
genera. 


MaTERIALS AND Metuops 


‘The cutting oils in this study were divided into wo 
groups, straight and soluble cutting oils. Two so! ‘ble 
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ulsion cutting oils were employed in dilutions of 
10 and 1-40 as recommended by the manufacturers. 
e straight cutting oils are subdivided into two groups 
heavy and 2) medium oils. This study consisted of 
) heavy, and five medium cutting oils. 
Che cutting oil samples were dispensed in 5.0 ml 
ounts in plugged test tubes and autoclaved for 15 
\utes at 15 pounds steam pressure. Each oil sample 
s inoculated with a 24 hour culture of the organism 
be tested. Thirty different species including patho- 
s and nonpathogens were used. In most cases, the 
anisms were grown on meat infusion agar with the 
eption of the more fastidious pathogens which 
‘e grown on blood agar. Semi-solid media was used 
reduce the amount of water that was introduced 
0 the oils by inoculation. The cutting oils were 
culated with one standard loopful of the culture 
| incubated at room temperature. At 24 hour inter- 
s a loopful of the inoculated cutting oil was placed 
a tube of nutrient broth enriched with 1 per cent 
ist extract or onto blood agar plates, depending on 
nutritional requirements of the organism. These 
beultures were incubated at 37 C and examined after 
and 48 hours for the presence of growth. Some of the 
cutting oils formed cloudy emulsions in the broth tubes. 
When this occurred, subcultures were made from the 
original broth tubes into a second set of media and 
then observed for growth. Positive tubes were examined 
by routine methods periodically to determine the iden- 
tity of the organisms as a control measure. 
Subcultures were carried out until three consecutive 
negative subcultures were obtained. When this oc- 
curred, the oil sample was discarded. 


RESULTS AND DISCUSSION 


Tables 1, 2, 3, and 4 give the survival times of the 
different species in the various samples of cutting oils 
used in this study. It may be observed that bacteria 
have shorter survival times in heavy straight cutting 
oils than in medium straight or emulsion type oils. 
Gram positive bacteria tested failed to survive for 24 
hours in heavy cutting oils and the gram negative bac- 
teria survived less than two days in this type oil. 
In emulsion cutting oils gram negative bacteria survive 
for considerable periods of time while gram positive 
bacteria soon die. 

‘rom these tables it is apparent that gram negative 
bacteria are probably most important in bacteriological 
problems pertaining to cutting oils. It will also be noted 

several of the gram negative pathogens are 

ible of surviving for considerable periods of time 

‘mulsion type and medium straight cutting oils. 

I}; possibility of transmission of some infectious dis- 

eas. s through the medium of cutting oils cannot there- 
for. be overruled. 


TABLE 1. Survival in days of gram negative bacteria in different 


heavy and emulsion type cutting oils 


Heavy Cut 
ting Oils 


Emulsion Cutting Oils 


D 
Organism Dilution 


1-40 1-10 


vival in days 


Neisseria catarrhalis 
Aerobacter aerogenes 
Escherichia coli 
Hemophilus pertussis 
Klebsiella pneumoniae 
Salmonella para-colon 
Pasteurella multocida 
Proteus vulgaris 10 150 
Pseudomonas aeruginosa ; 2507 2507 150T 
Pseudomonas fluorescens : 56 59 1507 
Salmonella schottmuelleri 7 9 30 
Salmonella typhimurium 62 7 
Salmonella typhosa ; 3 9 
Serratia marcescens q 0 1507 
Shigella paradysenteriae (flex 
neri) 0 $2 $2 
Shigella sonnet 0 16 
Brucella suis 0 0 0 
Vibrio metchnikovi 0 13 14 
Average 1.28 0.65 32.89 35.61 42.39 43.39 
* A, B, C and D represent code letters for commercial cut 
ting oils. 
T Still viable on day experiment was terminated. 


TABLE 2. Survival in days of gram positive bacteria in different 
heavy and emulsion type cutting oils 


Heavy Emulsion Cutting Oils 
Cutting 
Oils 


| D 


Organism Dilution 


1-10 | 1-40 | 1-10 | 1-40 


Survival in days 


Streptococcus hemolyticus alpha 0| 0); 0 
Streptococcus hemolyticus beta 0; 0 
Micrococcus pyogenes var. albus 5 5 
Micrococcus pyogenes var. aureus ] ] 
Micrococcus roseus . l 1 
Micrococcus rubens ; 0:0 
Sarcina flava 0 O 
Sarcina lutea. . 0 0 
Diplococcus pneumoniae 0 0 
Bacillus cereus var. mycoides 0 
Bacillus subtilis........ t 
Corynebacterium diphtheriae 0 


Average... : QO 1.171.170.33 1.00 


* A, B, C and D represent code letters for commercial cut- 
ting oils. 
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TABLE 3. Survival in days of gram negative bacteria in medium 
type cutting oils 


Commercial Cutting Oils 


Organism E* F | G | H | I 


Survival in days 


Neisseria catarrhalis .............. 0 0; 0 
Aerobacter aerogenes............ 3 6 
Escherichia colt................-. f ( 4 
Hemophilus pertussis . 

Klebsiella pneumoniae . 

Salmonella para-colon 

Pasteurella multocida 

Proteus vulgaris . . fs 

Pseudomonas aeruginosa. . 

Pseudomonas fluorescens . . 

Salmonella schottmuelleri 

Salmonella typhimurium 

Salmonella typhosa. eens 

Shigella paradysenteriae (flexneri) 

Shigella sonnei. . oF 16 
Brucella suis.... es 0 
Serratia marcescens... . 0 
Vibrio metchnikovt...... eer 23 


ww 
on- 


to 


bo 
1 
ne © 
= 
bo 

me Oe DS Or 


_ 
_ © 


16.50.9.11/15.89}6.060.34 


Average. 


* KE, F, G, H and I represent code letters for commercial 
cutting oils. 
T Still viable on day experiment was terminated. 


TABLE 4. Survival in days of gram positive bacteria in medium 
type cutting oils 


Commercial Cutting Oils 


Organism E* F | G | H | I 


Survival in days 
Streptococcus hemolyticus alpha... 0 
Streptococcus hemolyticus beta........ 0 
Micrococcus pyogenes var. albus... 2 
Micrococcus pyogenes var. aureus 
Micrococcus roseus 
Micrococcus rubens... 
Sarcina flava 
Sarcina lutea 
Diplococcus pneumoniae . 
Bacillus cereus var. mycoides 
Bacillus subtilis 
Corynebacterium diphtheriae. .. 


Average... .. _..|0.33/1.50\0.75)0.58/0..25 


*E, F, G, H and I represent code letters for commercial 
cutting oils. 

Beerstecher (1954) believes that even though petro- 
leum products may contain large numbers of poten- 
tially pathogenic organisms their importance as a 
vector in human skin disease is not great. It will be 
noted from these tables that the gram positive patho- 
genic bacteria such as Streptococci and Micrococci are 
not capable of surviving in cutting oils. These organ- 
isms are important because of their ability to cause 


cutaneous infections which are so common am 
cutting oil workers. Although we were unable to 
serve survival of these organisms in cutting oils, 
did isolate large numbers of Micrococcus pyogenes \ wr. 
aureus from a used cutting oil sample. Several cuti ng 
machine operators in the plant where the sample 
obtained were suffering from pyogenic infections 
the time collection was made from the cutting 
pit. In this case the inoculum must have been |: 
and continuous so that even if the organisms \ 
dying others were being inoculated in the oil. | 
also of interest that when we retested this san 
after it had been in our laboratory for approxima 
one week we could not recover the organism in quest 

Another important point is what effect does the 
ting oil have on the pathogenicity of organisms « ter 
they have been in the oil for considerable period 
time? This question was accidentally answered by 
junior author of this paper. This member contract« 
severe case of typhoid fever while carrying out 
vival studies on the Salmonella. At the time of 0: 
of his infection, Salmonella typhosa had been culture 
in the oil for over four weeks. Of course, one cannot 
rule out the possibility of outside exposure, but he 
had no known contact with the organisms other than 
his work in this research. 

Since many bacteria are capable of surviving in 
cutting oils for considerable periods of time, it would 
seem that medium straight and emulsion type cutting 
oils should have bacterial inhibitors added to them to 
inhibit pathogens and deterioration of the oil. In screen- 
ing inhibitors for their use in cutting oils it would be 
important to pick the proper test organisms. Psedo- 
monas aeruginosa, Pseudomonas fluorescens, Proteus 
vulgaris, and Aerobacter aerogenes would be excellent 
organisms for testing bacterial inhibitors since they 
are the most resistant organisms encountered in this 
work. 

‘In conclusion it can be stated that lighter straight 
and emulsion type cutting oils may be a source of }ac- 
terial infection in industry. From the evidence pre- 
sented it would seem that these types of cutting oils 
need inhibitory agents incorporated into them to reduce 
the survival of bacteria so they will not contribute to 
the breakdown of the oil or to bacterial infections among 
cutting machine operators. 


SUMMARY 


Thirty different species of bacteria were tested for 
their survival times in nine different cutting oils. 
Gram negative bacteria were capable of surviving for 
considerable periods of time while the gram pos tive 
bacteria soon were killed. Medium straight and e iul- 
sion type cutting oils permitted survival of the bac eria 
for longer periods of time than the heavy straight \ ype 
cutting oils. 
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Chis information indicates that cutting oils should 
have bacterial inhibitors added to them. In screening 
th se inhibitors it has been shown that Pseudomonas 
ae uginosa, Pseudomonas fluorescens, Proteus vulgaris, 
at | Aerobacter aerogenes would be excellent test or- 
gaiisms to determine the efficiency of the inhibition 
ai | the dilution needed. 
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Since the isolation of ergosterol from ergot by Tanret 
in 1899 and the later observation by Gérard of ergos- 
terol in yeasts and other fungi (cited from Bills et al., 
1930 and Pruess ef al., 1931), it has become clear that 
ergosterol formation is not uncommon among certain 
groups of fungi. 

In general, the organisms that have been studied 
most intensively for ergosterol production are the im- 
perfect genera Aspergillus and Penicillium and the 
yeasts, particularly the genus Saccharomyces. 

Ergosterol production by species of Aspergillus and 
Penicillium was studied in detail by the University of 
Wisconsin research group. The initial study of various 
fungi (Pruess et al., 1931) was followed by a survey of 
27 species of each of the genera Aspergillus and Peni- 
cillium (Pruess et al., 1932). Later work was concen- 
trated on Aspergillus fischeri. Various factors affecting 
ergosterol production by this species, such as strain 
variation (Wenck ef al., 1935a), carbon and nitrogen 
sources, carbon and nitrogen ratio, temperature of 
incubation, length of incubation and forced aeration 
were investigated (Wenck et al., 1935b). In these ex- 
periments, the highest sterol content of the cells 
amounted to 2.23 per cent of the dry weight of the cells 
or « production of 1.34 g of sterol in the cells grown in a 
liter of medium. 

‘thers have noted the presence of ergosterol in 
various species of Penicillium, that is, P. puberulum 
(Birkinshaw et al., 1931), P. italicum, P. aurantio- 
griscum, and P. brevi-compactum, (Oxford and Rais- 
tric, 1933), and P. citrinum (Cavalito, 1944). More 
reccutly penicillin-producing strains of P. notatum 
(Ce valito, 1944; Zook et al., 1944) and P. chrysogenum 


(Cavalito, 1944; Savard and Grant, 1946) have been 
shown to contain ergosterol. 

The yeasts have also received some attention as a 
source of ergosterol. As with Aspergilli the and Peni- 
cilia, however, no wide survey of the yeasts seems to 
have been made. Bills, et al., (1930) surveyed strains 
of 13 species in five genera, including Endomyces, 
Nadsonia, Mycoderma, Saccharomyces, and Zygosac- 
charomyces. Ergosterol content was approximately 
0.2 to 0.3 per cent in all cultures except those of the 
genus Saccharomyces which varied greatly in their 
ergosterol content. The maximum ergosterol content 
found by these workers appears to be that of 2.4 per 
cent in Saccharomyces carlsbergensis (Bills et al., 1930; 
Prickett et al., 1930). This group later investigated the 
effect of the carbohydrate source on ergosterol produc- 
tion by a Frohberg bottom type culture of S. cerevisiae. 
They concluded that the principal determinant of the 
ergosterol content was the sugar, ergosterol being 
primarily a product of carbohydrate metabolism. 
The ergosterol content bore no relation to non-ergos- 
terol lipid nor to the protein content, nor to the state 
of starvation or nourishment of the yeast (Massengale 
et al., 1931). 

Maguigan and Walker (1940) in studying baker’s 
yeast concluded that sterol production was accom- 
panied by a corresponding increase in total lipid. 
According to them, ergosterol formation was a feature 
of aerobic metabolism and arose early in the fermenta- 
tion, the ergosterol content increasing at a greater rate 
than growth. 

The patent literature indicates that commercial 
production of ergosterol is carried out by methods 
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TABLE 1. Summary of yeasts tested for ergosterol production 


Cul 
tures of 
Each 
Species 


} Number 
Organism of 
Spec ies 


Genus 
Bretlanomyces 

B. bruxellensis 
Candida 

C. brumptii 


0.4 


C. guilliermondii 

C. kruset 

C. lipolytica 

C. mycoderma 

C. pseudotropicalis 

C. pulcherrima . 

C. utilis... 
Cryptococcus . .. 

C. diffluens. . 

C. laurentii. ... 

C. neoformans. 


we Nw S&S Ww 


Debaryomyces 
Unidentified cultures 
D. hansenii . 

D. kloeckeri 

Dipodascus 
D. uninucleatus 

Endomyces 
E. lactis. . 

E. magnusit 

Endomycopsis 
E. bispora 
E. fibuliger.. 

Hansenula 
H. anomala 
H. californica 

Kloeckera. 

K. africana 
K. apiculata. 

Nadsonia. . 

N. elongata... 

Nematospora 
N. coryli 

Pichia... 

P. farinosa 
P. fermentans . 
P. membranaefaciens 

Rhodotorula . 
Unidentified cultures. . 
R. flava.. 

R. glutinis . . 

R. minuta.. 

R. mucilaginosa. . 
R. rubra 


Saccharomyces 


(including Zygosaccharo- 


Se eee 
Unidentified cultures 

. acidifaciens 

1 

. bayanus 

. bisporus 

. carlsbergensis. 

. cerevisiae 

. chevaliert...... 

. delbrueckii 

. fermentati 

. florentinus.. 
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TABLE 1—Continued 


Cul 
tures of 
Each 
Species 


; Number 
Organism of 
Spec ies 


{ 
S. fragilis 
S. heterogenicus 
S. ttalicus 

». lactis 

a logos 

.. marxianus 

. mellis 


s. microellipsodes 


. ovtformis 

. pastori 

}. pastorianus 
.. TOSE i 

. rouxtt 


S. sleineri 


mt et eet Demet ND 


S. uvarum 
Saccharomycodes 

S. ludwigii 
Schizosaccharomyces 

Unidentified cultures 

S. octosporus 

S. pombe 

S. versatilis 
Schwanniomyces 

S. occidentalis 
Sporobolomyces 

Unidentified cultures 

S. roseus 

S. salmonicolor 
Taphrina 

7. caerulescens 
Torulopsis 

Unidentified cultures 

T. candida 

T.. colliculosa 

T. dattila ee 
Cultures unidentified as to genus 


somewhat similar to commercial yeast production 
followed by a secondary fermentation with certain 
modifications in temperature, nitrogen level oi th 
medium, and in aeration. One method involves the use 
of yeast grown by the usual method followed by « sec- 
ondary fermentation with such specified conditions 
as low nitrogen level and addition of lactic acid and 
methylolic spirits (Bennett, 1936, 1942). Anothe: 
method involves a secondary fermentation in a medium 
essentially free of assimilable carbohydrate bit to 
which 1.0 to 2.0 per cent glycerol and inorganic »hos- 
phate are mixed (Zorkoczy, 1939). 

The present paper treats of our survey of v: rious 
yeasts for ergosterol production and the resu's 0! 
some experiments pertinent to this survey. 


EXPERIMENTAL MeEtruHops 


The yeasts studied in this survey are deposit d 0 
the Merck culture collection. Many of the rece: | ac 
quisitions were obtained from the Centraalbureai. v00! 
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ERGOSTEROL PRODUCTION BY YEASTS 


Sch immelcultures at Delft, from Dr. E. M. Mrak at 
University of California, and Dr. F. M. Clark at 
University of Illinois. Some natural isolates were 
by Mr. A. L. Pollard at the University of Tennes- 
and a few cultures were obtained from Dr. C. C. 
egren at Southern Illinois University. No attempt 
made to confirm the culture identifications except 
. few of the superior ergosterol producing strains 
accharomyces cerevisiae. All of the cultures, how- 

have been arranged according to the scheme of 
odder and N. J. W. Kreger-Van Rij (1952). For 
reason, the absence of such genera as Oospora, 
oderma, Zygohansenula, Zygopichia, and Zygosac- 
omyces Will be noted. Saccharomyces ellipsoideus 
ives are included in S. cerevisiae. Cultures of Dipo- 
us, Endomyces, and Taphrina were also tested. 
he starting experimental conditions used in this 
ey were chosen arbitrarily. As the screening pro- 
sed, experimental conditions changed. Details of 
¢ experimental conditions will be given in appro- 
te sections that follow, but certain factors were 
ramon to all experiments. The 250-ml Erlenmeyer 
nentation flasks always contained 50 ml of medium. 
vilization was by autoclaving at 15 lb pressure for 

17 minutes. After inoculation the fermentation flasks 

were incubated at a temperature of 28 C on rotary 

shakers moving at 220 rpm and describing a circle two 
inches in diameter. 

The ergosterol assay procedure was that of Stoudt 
and Foster (1954). The analysis is based on a color 
reaction given by ergosterol. The reagent for the color 
reaction consists of 2.5 ml of 95 per cent sulfuric acid 
and 37.5 ml of acetic anhydride made up to 100 ml in 
chloroform. The sulfuric acid is added to the cooled 
solutions of acetic anhydride and the bulk of the chloro- 
form with cooling in a water bath. The reagent was 
always used within | hour after preparation. 

The cells were harvested by centrifuging, the super- 
natant fluid was discarded and the cells were air dried 
toa constant weight at 70 to 80 C. After weighing, the 
cells were milled to pass an 80-mesh screen. They were 
then extracted with ether in a Soxhlet extractor for 
at least 6 hours. The ether extract was taken down to 
dryness at room temperature and the residue taken 
up with chloroform. For assay, sufficient sample to 
obtain 0.1 to 0.4 mg of ergosterol was added to colorim- 
eter tubes with enough chloroform to make a final 
volime of 5 ml. Five ml of the reagent was added, 
wit!) shaking, to each tube, to develop color. The trans- 
mis-ions were read on a Lumetron at exactly a 10- 
mi ite interval using a 660 my narrow band filter. 
At . 20-minute interval the transmission was taken 
sit: a 420 my narrow band filter. Ergosterol values 

calculated from a standard curve prepared from 
rgosterol. All values reported are calculated from 
missions at 660 mu. 


This assay is not specific for ergosterol. Zymosterol, 
another yeast sterol, will interfere at the wave lengths 
used in this assay. It seems clear, however, from ultra- 
violet light absorption studies on a great many of these 
samples, plus extraction differences of the yeast sterols 
and differences in their ultraviolet light extinction coef- 
ficients, that the background of other sterols is usually 
below 5 per cent of the total sterol being assayed. Com- 
parative assays show that the ergosterol assay values 
being presented are not in excess of the actual amount 
of ergosterol present. 


RESULTS AND DiscusstIoNn 


Preliminary screening in a near synthetic medium. 
At the outset, a near synthetic medium with the fol- 
lowing composition was chosen for the survey: Glu- 
cose, sterilized separately, 50 g; (NH )2HPO;, 5 g; 
asparagine, 1 g; sodium citrate, 1 g; MgSO ,-7H.O, 
1 g; N-Z-Amine, 1 g; yeast extract, 1 g; MnS0O,, 
0.2 g; FeSO,-7H.O, 0.005 g; CuSO,-5H.O, 0.005 g; 
ZnSO,-7H.O, 0.005 g; and distilled water to 1 liter. 
The optimum initial pH of this and other synthetic 
media has been found to be 7.0. Fermentation flasks 
containing this medium were inoculated with 1 ml of a 
water suspension of yeast cells harvested from agar 
slant cultures grown from 4 to 7 days at 28 C on a 
medium containing | per cent glucose, | per cent yeast 
extract, 2 per cent agar, and distilled water to volume. 

A total of 146 cultures representing all of the genera 
in table 1 except Brettanomyces was tested using this 
medium. The results obtained with each culture need 
not be given but the results may be summarized as 
follows. The maximum dry cell weights usually occurred 
after 5 days growth. Cell weights were usually quite 
low, mostly less than 10 g per liter of medium. This 
level was exceeded most frequently by cultures of 
Rhodotorula. In general, cultures of Saccharomyces 
produced cell weights of less than 6 ¢ per liter. The 
sterol content of the cultures, other than species of 
Saccharomyces was uniformly low, never over 0.4 
per cent with one exception and quite frequently below 
0.1 per cent. The one exception was a culture of Kloec- 
kera africana that once produced sterol levels of 0.8 
per cent although this was not reproducible. The best 
ergosterol producers under the above screening condi- 
tions were cultures of Saccharomyces cerevisiae, the 
best of these, that is, MY14, had a sterol content of 
3.9 per cent but the dry cell weights amounted to 
only 4—5 g per liter. 

Although it was apparent that this medium was not 
suitable for large scale production even if much higher 
cell weights were obtained, its use was continued in a 
number of exploratory experiments using the three 
best ergosterol-producing cultures of |S. cerevisiae. 

The glucose concentration was studied at levels of 
1, 5, 10, 15, and 20 per cent with no effect on the cell 
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weight or ergosterol content being apparent except at 
the 1 per cent level. This experiment was followed by a 
comparison of nitrogen sources, that is, (NH4)2HPO,, 
NaNO3, urea, and casein hydrolysate at a level of 1 
mg N/ml with 5 per cent glucose, in the presence and 
absence of asparagine. Here again no marked effect on 
production of cells or ergosterol was observed. This 
experiment on nitrogen sources was repeated using 
glucose at a level of 10 per cent with substantially the 
same results. 

Nine carbon sources were substituted at a level of 5 
per cent for the glucose. Some of these, that is, /-arabi- 
nose, dextrin, and inulin supported little or no growth. 
This was likewise true of lactose. Galactose, mannose, 
sucrose, and raffinose were comparable to glucose with 
respect to both cell weights obtained and the ergosterol 
content of the cells grown in these media. The use of 
levulose resulted in higher cell weights than were ob- 
tained with glucose but the ergosterol content of the 
cells in the two treatments were comparable. Maltose 
was the superior carbon source for growth and ergos- 
terol production. 

In an attempt to increase growth rates as well as to 
raise the sterol content of the cells, a number of or- 
ganic acids were tested as single supplements to the 
near synthetic medium, using both glucose and malt- 
ose as single carbon sources. Ethyl oxalacetate, 
fumarate, gluconate, lactate, malate, pyruvate, and 
succinate were tested singly at a level of 2 mg per ml. 
None of these additives except ethyl oxalacetate had a 
noticeable effect on the maximum cell weight and the 
level of sterol obtained. The ethyl oxalacetate, how- 
ever, decreased both cell weight and sterol level by 
approximately 50 per cent in the medium containing 
maltose but had a lesser effect in the medium with 
glucose. All of the other organic acids shortened the 
time of maximum cell and ergosterol production by 2 
days. Almost maximum cell weights and ergosterol 
vield were obtained after 5 days incubation. 

An apparent stimulatory effect, although not always 
reproducible, was obtained with addition of panto- 
thenic acid at a level of 40 ug per ml. This compound 
is particularly interesting because of its relation to 
coenzyme A, involved in acetylation (Lipmann, 1953) 
and the possibility of acetate as a precursor of sterols. 
Acetate has been shown to be a precursor of cholesterol 
in mice and rats (Block and Rittenberg, 1942a, 1942b; 
Pihl, Block, and Anker, 1950). Acetate also served as a 
precursor for ergosterol in a mutant of Neurospora 
(Ottke, Simmonds, and Tatum, 1950; Ottke, Tatum, 
Zabin, and Block, 1951). More to the point, acetate 
has been shown to serve as a precursor for sterols in- 
cluding ergosterol in yeast (Sonderhoff and Thomas, 
1937) and this pathway is mediated through coenzyme 
A catalyzed systems (Klein, 1951; Hanahan and 
al-Wakil, 1952; Artom, 1953). 


We found that the addition of acetate at a levi 4 
3 mg per ml, immediately after inoculation or aft r 3 
days growth, had no measurable effect on the ergos »r 
content of the cells or on the production of cells. No 
coenzyme A was available at the time of these ex 
ments for testing in combination with acetate but ap. 
tothenic acid plus the Lactobacillus bulgaricus fa toy 
both constituents of coenzyme A, were added in « \p- 
bination with acetate. Again no measurable effect was 
obtained. Perhaps the use of active acetate w \)\\ 
result in a demonstrable effect. The fact that a: ded 
acetate did not increase the sterol content of the « «||s 
however, is no absolute criterion that it did not \-rye 
as a precursor. This would have to be proved thr: igh; 
the use of labeled acetate. Other mechanisms fo; 
sterol formation such as the cyclization of a carote sid 
or polyene chain, the cyclization of oleic acid, anc the 
possibility of squalene as a sterol precursor have ‘jeer 
noted by Maguigan and Walker (1940). Squalene and 
isoprenoid units more recently have received emp)iasis 
as possible pathways from acetate to sterols. Wiiersch 
et al. (1952) discussed the possibility that five carbon 
units related to isoprene were intermediate in the con- 
version of acetic acid to cholesterol in rat liver slices, 
Using hen ovarian tissues as well as rat liver slices, 
Popjak (1954) found acetate carbon to be incorporated 
into squalene as well as into cholesterol. He felt that the 
experimental data suggested the following scheme in 
which squalene is not an intermediate (or the immediate 
precursor) in cholesterol synthesis but might function 
through some intermediate isoprenoid units. 


acetate — isoprenoid units — X — cholesterol 


Il 


squalene 


That acetate can go to cholesterol via squalene has 
been proved conclusively by Langdon and Block. 
They showed that both carbon atoms of acetic acid 
are utilized by rat tissue in biosynthesis of squalene 
(Langdon and Block, 1953a), and this C-14 laleled 
squalene was efficiently converted to cholestero| in 
rat tissue (Langdon and Block, 1953b). A pertinent 
point is that squalene has been reported to occur in 
yeast (K. Taiifel, K. Thaler, and H. Schreyegg, |'ett- 
chem. Umschau, 43, 26, 1936. Cited from Langdon 
and Block, 1953b). 

In table 2 are given the results of a compar:tive 
test of a series of cultures of S. cerevisiae in this neat 
synthetic medium with maltose as the carbohy: rate 
The culture used primarily in the development ©: this 
medium was MY14. It may be noted that rela‘ ively 
high cell weights were obtained in this experimen: wit! 
MY14 but the ergosterol content of 3 per cent at ! 
days is somewhat lower than usual. Many of the the! 
yeasts produced much lower cell weights than \. Yl 
with also much lower ergosterol contents of the ells. 
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strain MY274 produced cells of high ergosterol 
ent but the cell weights were very low. Strains 
304 and MY306 are yeasts that had been selected 
ise of another medium after study with this near 
hetic medium had been completed. They are 
ided here merely for comparative purposes. Both 
iese strains produced lower cell weights than MY14 
the ergosterol content of the cells was significantly 
over than in the MY14 cells. Although strain MY14 
:perior to the strains listed in table 2 with the ex- 
ions of MY304 and MY306, this may merely be an 
nple of the specificity attained by developing a 
ium for a certain strain. In this respect, strains 
304 and MY306 were selected in a molasses-corn 
» medium that had also been developed for strain 
14. 
was obvious that a more economically feasible 
‘ium had to be used for our survey work. Hence, a 
iber of experiments using the best ergosterol pro- 
ing strain of S. cerevisiae, MY14, were started to- 
ds developing such a medium. 
Development of the molasses-corn steep medium. The 
|-known use of molasses as a medium for growth of 
yeast particularly in the alcohol and bakery industry 
prompted a test of molasses as a substitute for maltose 
as well as for maltose plus the other known constituents 
in the near synthetic medium. The inoculum for this 
and the following experiments was grown in 50 ml of 
broth containing | per cent yeast extract and 1 per cent 
glucose in 250-ml Erlenmeyer flasks. These flasks were 
incubated at 28 C on rotary shakers moving at 220 
rpm. After 3 days’ growth, 1 ml of cells was used to 
inoculate each flask. The results may be seen in table 3. 
Molasses, at a level containing 10 per cent sugar, as a 
substitute for maltose resulted in increased cell weights 
but markedly lower ergosterol levels in the cells. In 
the medium containing molasses alone, the cell weights 
obtained were much lower than those obtained in the 
maltose medium, although the sterol concentration 
in the cells was higher than in the cells grown in the 
medium containing maltose. It is doubtful if the 0.1 
per cent N-Z-Amine or 0.1 per cent yeast extract is 
necessary for maximum growth and sterol production 
by this culture of S. cerevisiae, MY14. However, their 
use has been continued because of the unknown nutri- 
tional requirements of the yeasts to be surveyed. 
A number of complex organic materials at a level of 
2 per cent were tested in conjunction with glucose at 
10 per cent plus N-Z-Amine and yeast extract as supple- 
men's each at 0.1 per cent level and compared with the 
molxsses, at a level equivalent to 10 per cent sugar, 
plus N-Z-Amine and yeast extract with and without 2 
per «ont corn steep liquor. (In all following experiments 
in Wich molasses was employed, N-Z-Amine and yeast 
extr: ct were used as supplements.) The results of 4 and 
7 ds assays are shown in table 4. This experiment 


TABLE 2. Comparative test of Saccharomyces cerevisiae strains 
in the near synthetic medium 


After 7 Days’ Growth After 9 Days’ Growth 


Strain No. 


Dry cell wt Ergosterol Dry cell wt Ergosterol 


mg/100 ml per cent mg/100 ml per cent 
MY14 985 2.0 1109 3 
MY210 540 0.4 371 
MY212 1363 2 739 
MY213 283 .09 263 
MY215 318 290 
MY218 1071 4 1043 
MY223 240 235 
MY228 434 371 
MY232 301 620 
MY235 287 161 
MY238 1180 1214 
MY240 929 878 
MY241 648 569 
MY251 977 966 
MY256 242 216 
MY260 277 234 
MY266 1185 1220 
MY271 210 2001 
MY274 254 235 
MY304 264 292 
M Y306 397 
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TABLE 3. Comparison of growth and ergosterol production by 
Saccharomyces cerevisiae MY 14, in the near synthetic and 
substituted media 


After After After After 

3 Days 5 Days 7 Days 9 Days 
Medium 

Dry | Er- | Dry Er- | Dry Er- | Dry! Er- 

ce gos- cell gos- cell | gos- | cell | gos- 

wt | terol wt | terol wt terol wt | terol 


1a | fo | 100 | 2 | 10 | Sor, | “io | en 
Maltose-near synthetic 
medium..... scree | 408 
Molasses substituted for 
maltose ..../13861) 1.0 1427 0.73 1516 0.79 1410 1.3: 
Molasses plus N-Z-Amine 
and yeast extract 406 6 3886.2 | 421 6.8 4458. 
Molasses alone...... 246 6.5 293,7.4 | 293:14.2  335'8. 


532,3.57 1030 4.2,1095)5. 


was carried out using the three best ergosterol produc- 
ing strains of S. cerevisiae. The results with the three 
cultures were comparable, however, and only the re- 
sults obtained with strain MY14 are reported. 

Due to the insolubility of many of these materials, 
dry cell weights could not be determined; hence, the 
effect of the material on growth of the yeast is not 
known. Corn steep liquor, approximately 1 per cent 
solids, soybean meal, and Torula yeast were superior 
medium ingredients when used in conjunction with 
glucose. Molasses alone supported relatively good er- 
gosterol yields. However, molasses at a level equivalent 
to 10 per cent sugar in combination with 2 per cent 
corn steep liquor supported the highest yields of ergos- 
terol. The 64 mg of ergosterol was 4.4 per cent of the 
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dry weight of the cells, that is, 1.436 g produced in 100 
ml of this medium. 

The molasses used in the above experiments was a 
sample of inverted Cuban blackstrap. A number of 
other samples of sugar-rich materials such as maltose 
syrups, cane molasses, beet molasses, and hydrols 
have been tested. The maltose syrups were quite satis- 
factory but were eliminated due to their high cost. 
In general, the hydrols were inferior to the sample of 
inverted black strap molasses that we have taken as a 
standard for comparison. Beet molasses samples were 
slightly inferior to the inverted black strap sample and 
‘ane molasses samples mostly were as good as the in- 
verted black strap. The well-known variation in molas- 
ses samples, however, makes it difficult to generalize 
as to their worth and various other beet and cane molas- 
ses samples may be equal to the inverted black strap 
sample we have used. In order to control experimental 
variation, however, we have continued to use the same 
inverted black strap molasses sample in all further 
experiments. 

The level of corn steep liquor, 2 per cent by weight 
or 1 per cent on a solids basis, was chosen arbitrarily 
but later experiments using corn steep liquor at levels 


TABLE 4. Effect of various complex organic materials on ergos- 
terol production by Saccharomyces cerevisiae, MY 14 


After 4 Days After 7 Days 


Glucose 10 Per cent Plus Supplement 2 Per cent ; “acral 
Ergosterol | Ergosterol 


mg/100 ml | mg/100 ml 
Distiller’s solubles Oe ee riale 16.3 23.5 
Corn steep liquor. . ; me tee | 48 
Soybean meal ; ee 25 30. 
Wheat gluten 15 6.: 
Cofton seed meal 24.6 

Peanut meal . as 21. 

Alfalfa meal ae eae 10. 

Asparagus butt juice 

Poppy seed meal 

Tankage 

Peptone-Difco 

N-Z-Amine 

Whale meal 

Sardine meal 

Dry Torula yeast 

Molasses-alone. 

Molasses plus corn steep liquor 2 per cent 


* 5 day samples. 
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of 1, 2, 3, and 4 per cent showed the 2 per cent | 
to be about optimum for growth and sterol product 
Likewise, molasses at a level equivalent to 10 per 
sugar was also found to be near optimum. The in 
pH of this molasses-corn steep medium is quite im 
tant. A pH of 7.0 after sterilization is near optim 
In practice, the pH of the medium is adjusted t: 
before autoclaving. During sterilization there is a « 
in pH to 7.0. 

This medium containing molasses and corn s 
is not only an inexpensive medium but supports 
growth and sterol production. The corn steep i 
important constituent of this medium, although 
what its effect is due to is not clear. The effect of 
steep, however, is apparently more on growth tha 
ergosterol production although the latter is also af- 
fected. Perhaps the large quantity of lactic acid in th 
corn steep is partially responsible for the stimulation 
The effect of corn steep on growth and ergosterol 
duction by two selected strains of S. cerevisiae may 
be seen in table 5. It is apparent that the effect of cor 
steep on these two strains is that of growth stimulation 
The percentage of ergosterol in the increased ce! 
weights, however, remains equally high thus resulting 
in a corresponding increased yield of ergosterol. Many 
strains of S. cerevisiae respond in this way although it 
is possible to obtain an increased growth response and 
a concomitant decrease in ergosterol content of the 
cells when other yeasts are used. 

The danger inherent in the development of a medium 
by the use of a few strains of one species is fully realized. 
Such a medium, developed for one strain or a serics o! 
strains of one species, may be specifically suitable to 
these cultures and may not be suitable for use in screen- 
ing other unrelated or even related cultures. In this 
instance, however, the use of this medium appears to 
be justified. The previous screening of a number o/ 
yeasts from a wide variety of genera and species in: the 
arbitrarily chosen (near) synthetic medium showed 
that cultures of S. cerevisiae were the superior ergos- 
terol producers. This molasses-corn steep medium was 
deliberately developed to screen for higher producing 
cultures of the genus Saccharomyces in particular with 
the proviso that cultures of other genera that prod iced 
even relatively high ergosterol levels would be furthe 


TaBLe 5. Effect of corn steep on growth and ergosterol production by two strains of Saccharomyces cerevisiae 


After 3 Days 


Strain No. Medium 


Ergos- 


Ergosterol heat 


Dry wt 


mg/100 ml 
+corn steep 1429 19. 1 
—corn steep 808 20. 2 
+corn steep 1561 62. 4 
—corn steep 38.8 4 


per cert 
4 1647 
5 785 
0 1645 
1 970 


MY 14 


MY 813 


After 5 Days 
Ergosterol 


Dry wt 


mg/100 ml 


After 7 Days After 9 Days 


Ergos- 
terol 


Dry wt /Ergosterol 


Ergos- 


terol Ergosterol 


Dry wt 


per cent mg/100 ml per cent mg/100 ml 


33.6 ‘ 1991 44 2 
20 2.5 909 27 3.0 
71. : 1990 | 144 2 
53 . 2 5.5 970 | 42 3 











May 
Cor 
Lion 
Cell 
lting 
lany 
rh it 
and 
the 


lium 
ized, 


CS Ol 


reen- 
this 
rs to 
TY ol 
the 
ved 
rgzos- 
| Was 
‘ing 
vith 
iced 


ther 


ERGOSTEROL PRODUCTION BY YEASTS 377 


lied in media more suitable to them. As will be seen 

r, however, this was unnecessary. 
creening in the molasses-corn steep medium using the 
acement method. The main disadvantage of ergos- 
| production by the above procedure lies in the 
th of time, 7 to9 days, required to reach the maxi- 
n growth and ergosterol content. One of the more 
ious means of shortening the fermentation cycle is 
in increase in size of inoculum. It is not always true 
very large inocula increase maximum yields of 
s and products and shorten cycles in all fermenta- 
s but there is an optimum inoculum size that 

ild be determined. 

t has been found that the amount of inoculum that 
ptimum for growth, sterol production, and shortened 
nentation cycle, lies between 10 to 15 g of cells, 
weight basis, per liter of inoculated broth. This 
imum inoculum size was originally determined with 
umber of samples of fresh live brewer’s yeasts and 
; been confirmed with a number of selected ergos- 
ol producing strains. These live brewer’s yeasts, 
tained as a slurry and in some instances pressed 
into a loose cake, were added in varying amounts to 
» 250-ml Erlenmeyer flasks containing 50 ml of the 
molasses-corn steep medium. After 1 day’s growth, 
cell weights had more than doubled with the sterol 
content of the cells remaining somewhat the same thus 
resulting in an increased production of sterol on a weight 
per liter basis. After 2, 3, or 4 days’ incubation, cell 
weights usually remained on a plateau and the sterol 
content increased. The use of a large inoculum 10 to 
15 g per liter also worked well with our selected ergos- 
terol producing strains of S. cerevisiae. With these yeasts 
we prepared slurries for inoculum by inoculating 50 
ml of the inoculum medium in 250-ml Erlenmeyer 
flasks with a ml of a water suspension of cells from slant 
cultures. Either the molasses-corn steep medium or a 
medium composed of glucose, 5 per cent; yeast extract, 
| per cent; N-Z-Amine, | per cent; KH.PO,, 0.1 per 
cent; and distilled water to volume, no pH adjustment, 
was equally satisfactory. There was more rapid growth 
of cells in the latter medium, however; hence, it was 
used for most of our survey work. Undoubtedly other 
media that supported good growth and ergosterol pro- 
duction could be used for development of inoculum. 
Aiter 3 days’ growth on the shakers, the inoculum 
flasks were allowed to set on a laboratory bench until 
cells settled, usually 1 to 2 hours was sufficient, 
inoculum medium was decanted and 50 ml of 
h molasses-corn steep medium were added to each 
<. Flasks were removed after 1, 2, 3, and 4 days 
bation and the growth assayed for dry weight and 
1 content. A survey of a large number of cultures 
in’ cated that either 1, 2, 3, or 4-day-old flasks could 


be used for testing purposes with equal confidence. 


In practice, 3-day-old flasks were used. This procedure 
may be called the replacement method. 

Using this molasses-corn steep medium, an additional 
412 yeasts, in all of the genera listed in table 1 were 
surveyed. The results obtained in the survey of 558 
yeasts, including the 146 tested in the near synthetic 
medium, are too extensive to report in detail. However, 
a number of generalizations can be made. Ergosterol 
production is extremely low, almost nil, in yeasts out- 
side of the genus Saccharomyces. There also appears to 
be a specialization in ergosterol production within the 
genus Saccharomyces. In only three species, that is, 
S. carlsbergensis, S. cerevisiae, and S. oviformis was 
ergosterol production in excess of 2 per cent of the dry 
cell weight encountered. Even within the species, a 
specialization in ergosterol production may have been 
encountered. None of the strains received as S. ellip- 
soideus, included here as S. cerevisiae, produced appre- 
ciable amounts of ergosterol. This was true of all cul- 
tures of baker’s yeasts. The best ergosterol producers, 
by far, have been brewer’s yeasts and in so far as can 
be determined, all of the superior strains are also ale 
yeasts. 

A comment may also be made about the reported 
correlation of sterol and fat production. All of the supe- 
rior producers of ergosterol also produce quite large 
amounts of fat. Not all good fat producers, however, 
produce high levels of ergosterol. This is true among 
cultures of Endomyces and Saccharomyces as well. 

The results of a comparative test of nine superior 
ergosterol producing strains of S. cerevisiae are given in 
table 6. Strain MY14 is included here for comparative 
purposes as it was the strain primarily used in de- 
veloping the medium and screening procedure. These 
cultures except MY14 were grown for 3 days in the 
glucose-, 5 per cent; yeast extract, | per cent; N-Z- 
Amine, 1 per cent; KH,PO,, 0.1 per cent; medium. 
Strain MY14 was grown for 7 days in the molasses 
corn steep medium. The spent medium was decanted 
from the cells and fresh molasses-corn steep medium 
was added. 

‘With the exception of strain MY14, the cell weights 
of all strains more than double after 1 day’s growth 
but there is only a slow increase in cell weight there- 
after. Cells from 1 day old fermentation usually show a 
decrease in ergosterol content, although this is not 
true of strains MY813 and MY815. Following this first 
day decrease in ergosterol content, there is an increase 
in ergosterol content of the cells until the highest per- 
centage is reached usually on the third or fourth day. 
Strains MY306, MY798, and MYS813 produced in 
excess of 3 g of ergosterol per liter of whole broth or 
more specifically the cells grown in a liter of medium 
contained in excess of 3 g of ergosterol. The maximum 
yield shown here was obtained from strain MY813. 
After 4 days’ growth, a dry cell weight of 36.05 g per 
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TABLE 6. Comparative test of nine strains of Saccharomyces cerevisiae for ergosterol production in the molasses-corn steep me: 
with slurry tnoculums 


Inoculum 1 Day 2 Days 3 Days 4 Days 
Strain No. 


Dry wt | Sterol Sterol Dry wt | Sterol Sterol | Dry wt | Sterol Sterol Dry wt | Sterol Sterol Dry wt | Sterol 


mg/100 ml per cent mg/100 ml per cent mg/100 ml per cent mg/100 ml 


46.4 | 2.41 2089 76.4 3.66 | 2060 86 4.17 1951 73.4 
3060 | 193 dae 3064 315 10 3251 294 
3123 | 204 d.! 3225 261 8 3319 | 267 
3112 | 183 5.8 3232 267 3. 3372 | 257 
2840 © 256 9. 2778 299 : 2996 317 
3148 | 191 . 3405 233 5.8 3605 = 376 
2872 | 120 a 2973 195 b.€ 3950 | 231 
3191 | 217 d.3 3411 221 . 3650 | 261 
2780 = 106 3.8 2987 158 5. 3118 | 278 


mg/100 ml per cent 
MY 14* 1250 45.6 | 3.65 | 1928 
MY 306 1451 | 103 7.6 3144 | 144 
MY 784 1332 | 123 9.2 3073 | 132 
MY 797 1331 90 6.7 3027 | 134 
MY 798 1099 | 112 10.1 2733 | 200 
MY 813 1224 83 °6.8 2894 | 226 
MY 814 1043 74 : 2695 | 114 
MY 815 1488 | 109 e 3059 | 230 
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MY 816 1300 | 111 8.6 2800 | 159 


* MY 14 inoculum was grown in molasses-corn steep medium for seven days. The inoculum for each of the other yeasts 
grown for three days in glucose 5 per cent, yeast extract 1 per cent, N-Z-Amine 1 per cent, KH2:PO,0.1 per cent and distilled w.‘e 
to 100 per cent. 


spent inoculum medium was replaced with the m 
ses-corn steep fermentation medium. After 3 days 
growth, this spent fermentation medium was repl:ced 
with more fresh medium. This was continued for jour 
replacements. The daily fermentations were analyzed 
for cell weights and ergosterol content of the cells. 
The results are given in table 7. 

The effect of successive medium replacements was 
not so marked as would be expected if sugar depletion 
was the limiting factor in growth and ergosterol pro- 
duction. Successive replacements did result in a con- 
tinued rise in cell weight. This rise must be attributed 
in part to the insoluble unmetabolized constituents in 
the corn steep and molasses that were not washed from 
the growth. There was, however, no marked increase 
in the sterol content of the cells. The differences in 
sterol content of the various time samples well may be 
attributed to differences inherent in removal of sepa- 
rate flasks for sampling. 


TABLE 7. Effect of several medium replacements on growth and 
ergosterol production by Saccharomyces cerevisiae, MY 813 


Samples Dry Cell wt | Ergosterol | Ergosterol 


mg/100 ml per cent 


Inoculum.... Rae 1479 84 5. 


Replacement I 
24 hours later... 3011 151 
48 hours later.... cs .| 3326 159 
72 hours later...... cust ere 230 
Replacement II 
24 hours later... ; steetet, Se 272 
48 hours later...... sical CT 350 
72 hours later... .. .| 4633 296 
Replacement III 
24 hours later. . 5115 318 
O8 Gonmredater...........:....] 431 334 
72 hours later....... se) Oh75 357 
Replacement IV 
24 hours later.......... | 6042 364 
48 hours later....... er 380 
72 hours later........ 6210 448 
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liter of medium containing 10.4 per cent ergosterol or ACKNOWLEDGMENT 
3.76 g was obtained. 

The chemical changes occurring during these fer- 
mentations will not be discussed in detail. Sugar 
disappears rapidly. Very little is found after 1 day’s 


Grateful acknowledgment is made to F. H. Gruiter 
for his help in the early phases of this study. 


SUMMARY 


fermentation. At this time, the yeast cells contain 
large amounts of storage materials. Apparently the 
sugar is rapidly converted to glycogen and fat, this 
reserve then being used during the subsequent synthe- 
sis of ergosterol. It is possible that sugar depletion is 
limiting the production of cells as well as ergosterol 
production and raises the possibility that continuous 
feed of molasses would be more efficient than the prac- 
tice of adding all of the molasses at the start of the fer- 
mentation. Such experiments are more adaptable to 
fermentor studies and will not be discussed here. How- 
ever, the effect of increasing the amount of sugar 
offered to the yeast was studied in another way. Cells 
were grown for 3 days in the usual manner and the 


Two media, namely, a near synthetic medium anid « 
molasses-corn steep medium, were developed for screen- 
ing yeasts for ability to produce ergosterol. Using these 
two media, a total of 558 yeast cultures comprising 6! 
species in 20 genera, and including 22 yeasts unide:iti 
fied as to species and genus, were tested for abilit 
produce ergosterol. 

Ergosterol production was extremely low, ust: 
less than 0.1 per cent of the cell weight in all ge: 
except in the genus Saccharomyces. Within the g 
Saccharomyces, ergosterol production was quite va 
Three species of this genus, that is, Saccharon 
carlsbergensis, Saccharomyces oviformis, and Sacci. ‘'0- 
myces cerevisiae yielded the best ergosterol produ ers 
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with cultures of S. cervisiae being the most promising 

by far. Within the species S. cerevisiae, the brewer’s 

ye ists were the best ergosterol producers and in so far 
as could be determined, ale yeasts were superior to all 
ot iers. 

‘ight cultures of S. cervisiae were found to produce 
ce 's containing 7 to 10 per cent ergosterol. In the single 
re lacement method, the best of these yeasts have 
pi duced cell weights in excess of 30 g per liter of 
m: dium, the cells containing over 10 per cent ergosterol 
re ulting in an ergosterol yield of between 3 to 4 g 
pe liter of whole broth. 
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Many methods have been proposed for the isolation 
of temporarily suppressed phases of diphasic Sal- 
monella (Craigie, 1931; Gard, 1938; Hajna, 1944). 
These absorption methods are effective but require in- 
cubation for at least two days and considerable manual 
labor. Juenker (1946) suggested a procedure by which 
broth was inoculated with the organisms of the desired 
phase by passing them through a semisolid agar in a 
pivette, thus shortening the absorption period by 24 
hours. Because this method requires considerable 
manipulation it has not been used, to our knowledge, 
in Army or Public Health Laboratories. 

Direct inoculation of broth for identification of a 
desired flagellar phase from primary isolation plates 
apparently has not been recorded in the literature. 
The advantage of this technic would seem to be limited 
by the possibility that absorption of the antigen with- 
out subsequent growth of the organism would leave 
such meager amount of the sought phase that no further 
serology would be possible. Direct absorption from 
broth incubated for 24 hours in this laboratory, how- 
ever, has given complete antigenic formula of some 20 
diphasic Salmonella in less than 48 hours. 


EXPERIMENTAL METHODS 

S. S. agar (Difco) was used for initial plating and 
direct typing of somatic antigens was done from this 
substrate. Colonies then were transferred to Hajna 
and Damon H broth (BBL) and incubated overnight. 
Flagellar testing was then performed in the conven- 
tional manner. Those organisms demonstrating strong 
agglutination in only the specific or nonspecific phases 
were immediately absorbed with 0.02 cc antiserum of 
the homologous phase demonstrated. After an hour’s 
incubation in a water bath at 52 C, the tube was centri- 
fuged for two minutes at 500 rpm. This removed the 
absorbed phases’s agglutinating floccules at a speed 
insufficient to remove the antigen of the other phase 
from the supernatant layer. Tube agglutination for 
both phases was then repeated using the supernatant 
fluid. 


RESULTS 
Of the 20 diphasic Salmonella species (all had four- 
plus agglutination in polyvalent and somatic group 
serum), tested, 10 gave flagellar agglutination for both 
specific and nonspecific phases and consequently were 
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eliminated from consideration (table 1). The other 10 
showed strong agglutination in one flagellar phase on!) 
Salmonella saint paul (S. sp. Type Saint Paul), s 
paratyphi B (S. schottmullert), S. richmond (S. sp 
Type Richmond), S. daytona (S. sp. Type Daytona), 
S. thompson (S. sp. Type Thompson), S. man/atta 
(S. sp. Type Manhattan), S. manchester (S. sp. type 
Manchester), and S. miami (S. sp. Type Miami) gav 
strong agglutination in the specific phase wheres § 
colorado (S. sp. Type Colorado) and S. worth: gto 
(S. sp. Type Worthington) showed strong agglutin «tion 
in the group phase. With direct absorption othe 
strong phase from the broth using the appro, riat' 
absorbing serum, incubation, and centrifugation thi 
hitherto suppressed phase of these organisms be ‘am 
apparent. Four-plus flagellar agglutination wa 

served for S. saint paul, S. paratyphi B, S. rich 

S. daytona, S. thompson, S. manhattan, S. mian ’, » 
colorado, and S. worthinglon, while only a tw« plus 
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only 


PHASE RECOVERY IN 
ion could be observed for S. manchester. This, 
‘ver, Was sufficient to be easily read. Residual 
itination from the absorbed phase was noted with 
int paul, S. daytona, S. manhattan, and S. colorado. 


DiscuUSSION 


is not clear why absorption without intervening 

th should result in four-plus agglutination for the 

‘ed phase where previous testing failed to elucidate 

: antigens. Dubos (1947) was uncertain whether 

it these different components of the flagellar anti- 
existed within the same flagellum, or separately 

he different flagella of the same cell, or because a 

n culture could give rise by variation to organisms 
ring in flagellar antigenic structure. In our work, 

e seems to be evidence that flagella for both spe- 
and group phases are present on each cell but that 
one antigenic component is allotted to each flagel- 

If so, the dominance of flagella of one type on 

« cell produces these artificial phases which are desig- 
ed specific or phase | and group or phase 2. When 
ficient organisms with flagelia preponderantly of 
one type exist, a blockade occurs which prevents 
agglutination of the other organisms which are fewer 
in number although rich in the other type of flagella. 
Once this blockade is removed by absorption of the 
predominant antigen, the weaker phase antigen may 
then be agglutinated. This theory is not incompatible 
with the rationale for the plate technic (Gard, 1938) 
or the tube method (Craigie, 1931). These methods use 
growth to procure the desired phase with absorption 
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to suppress the apparent phase. Our method reduces 
the blockade by direct absorption making the desired 
phase available without 


Waiting several days for 
growth. Conceivably the volume ratio of the minor 
phase might be such that growth would be imperative 
to provide sufficient organisms to be agglutinated in the 
supernatant fluid. This has not been necessary with 
the diphasic Salmonella tested in this laboratory. 
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SUMMARY 


Direct absorption of flagella broth permits the 
rendering of complete antigenic formulas on diphasic 


Salmonella in a period as short as 24 hours. 
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The molecular filter as described by Goetz and Tsu- 
neishi (1951) has wide application in the field of bac- 
teriology, particularly as it has been adapted for 
detection and enumeration of coliform organisms in 
water. Considerable work has been done by Clark, 
Gelderich, Jeter, and Kabler (1951) in the development 
of selective and differential media for members of the 
enteric group of organisms. Their results indicated that 
for coliform determinations there was no appreciable 
difference between the most probable number method 
as described in Standard Methods for the Examination 
of Water and Sewage (American Public Health Associa- 
tion, 1946) and the molecular filter method. However, 
they suggested that “‘a final answer will depend on the 
data obtained after trials in different treatment plants 
with waters of different degrees of pollution, varying 
chemical composition, and treatment methods”. It 
was on this premise that Shipe and Cameron (1954) 
investigated the use of the molecular filter for coliform 
recovery in several waters, one of which was known to 
contain considerable amounts of effluent from rayon 
producing industries. From such water they recovered 
a mean of about four times as many coliform organisms 
by the MPN method as by the molecular filtration 
procedure. In other waters tested the two methods 
appeared to be equivalent. Chemical analysis of the 
former water revealed considerable amounts of zinc 
and copper. This suggests that certain chemicals might 
be adsorbed onto the membranes and exert a toxic or 
inhibitory effect on numbers of the viable cells retained 
on the membrane, or that cells suspended in certain 
types of water might become ‘“‘weakened”’ to the extent 
that they fail to develop detectable colonies on the 
membranes. 

This is a study of the ratios obtained from the per- 
centages of Escherichia coli cells recovered by agar 
plate counting techniques as compared to the molecular 
filtration method as these ratios are influenced by vary- 
ing concentrations and combinations of zine and copper 
in water. 


1 Given at the annual meeting of the Society of American 
Bacteriologists, May, 1954, Pittsburgh, Pennsylvania. 


EXPERIMENTAL METHODS 


Sixteen combinations of varied concentration. of 
zinc and copper sulfates were prepared in a st-rile 
double distilled water from 0.1 Mm solutions of Zn 
SO,-7H2O and CuS0O,-5H.O. Table 1° shows the 
combinations. The various solutions were tubed in ‘).0- 
ml amounts. The range of concentrations chosen 
was based on several preliminary trials. 

The test organism was F. coli. A 24-hr nutrient broth 
culture grown at 37 C was diluted in sterile double 
distilled water to the extent that 1.0 ml contained 
approximately 10,000 cells. This number of cells was 
added to each of the 16 solutions at 25 C and held 
at this temperature 4 hrs prior to plating and filtration 
Bacto-tryptone glucose extract agar was used for al 
platings. Control counts were run on the original cell 
suspension at the time of preparation. One complete 


TABLE 1. A summary of recoveries of Escherichia coli fron 
various aqueous molar concentrations of copper and zin 
sulfates as determined by agar plating and membrane filtra 
tion 


Molarity of ZnSOs and CuSOs in Which 


Arithmetic Mean of the Percentage 
Cells Were Suspended 


Recovered from 10 Tria 


CuSO; ZnSO Plate count Membrane « 


0 0 75.74 45.3! 
0 0 X 10% 25 
0 Ox i- 2.60 
Oo xX i* 37 
0 .97 
0 
0 
0 X 10% 
.0 X 10-4 
aK a0 
0 X 10% 
.0O X 104 
0 X 1075 9. 
0 X 10% 5. 
.0 X 10-4 8. 
OX 107° 14. 
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10 
10 
10 
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* Based on nine trials. 
Parenthesis indicates number of trials failing to gi\ 
covery by filtration method. 
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trial consisted of sampling all 16 of the various cell 


suspensions by both agar plating and membrane fil- 
rat. on. The plates were incubated 24 hrs at 37 C. The 
mok cular filter membranes were removed from the 


ng unit and transferred to M-Enrichment broth 
period of 2 hrs incubation at 37 C in a closed 
bath. Subsequently they were transferred to 
ido broth and incubation continued for an addi- 
| 18 hrs. Counting was aided by the use of a 15X 
‘ting microscope. All media used in conjunction 
molecular filters were prepared according to 
wae of the Environmental Health Center, U 
ce Health Service, Cincinnati, Ohio. 
‘liminary trials indicated the necessity of filtering 


Q 


» We 


0.2 ml for the suspension containing no zine or 

r to 5.0 ml for suspensions containing large 

ints of zine and copper. In order to maintain the 

of copper and zine filtered to that in the various 

ls, amounts of sterile copper and zine solutions of 

ame molarity as the suspending fluids were added 

e time of filtration. In other words, a total of 5.0 

ml of each concentration of copper.and zine was filtered. 

[his amount was suspended in 20.0 ml sterile buffered 

distilled water, filtered and washed 3 times with 25.0- 
ml amounts of sterile buffered distilled water. 

RESULTS 

Ten trials were performed. Table 1 summarizes the 

lata. The percentage of cells recovered by both methods 

vas based on the control count of the number of cells 

riginally added to each solution. In table 1 there are 

ustances in which the number of samples is less than 

i) due to failure of colonial development on several 

membranes through which relatively high concentra- 

tions of copper or zinc had been filtered. These negative 


TaBpLe 2. Geometric mean ratios of percentages of Escherichia 
coli cells recovered from various molar concentrations of zinc 
and copper sulfates by agar plating as compared with mem 
brane filtration 


Concentration Concentration of Molar CuSO 


of Molar 
Z 


SOx 


0.5 & 1075 1.0 K 1078 0.5 XK 107¢ 


1.0 X 10-3 23 .0* 3.2 6.6* 4.5 
(12.2- 43 (2.2- 4.7 5.6- 7.8 (3.1-6.5) 


14.0) 


1.2 1 .0* e 
(10.2-822.1)| (2.9- 5.6)| (1.5- 2.4)| (1.3-2.5) 


tries found to be significantly different from the ratio 
tined from water void of copper and zine. 

nthesis indicates 95.0 per cent confidence limits based 
standard error. 


TABLE 3. Geometric mean ratios of Escherichia coli cells re 
covered by agar plating as compared with membrane filtration 


from waters containing only one of the metals 


Molar Concentrations and Ratios 
CuSO, ZnSOx Ratio CuSOs ZnSOx Ratio 


0 1.0 X 10-3 0.5 X 1075 0 
| 1.0 3c. 16-* 1.0 X 10-6 0 
0 1.0 X 10-5 B33 0.5 & 10-6 0 


Geometric mean 


membranes were used in computing the arithmetic 
mean percentage recovered. However, such data were 
omitted when computing the ratio of plating recovery 
to filtration recovery. These ratios are shown in table 2. 
The ratios indicated by an asterisk were found to be 
significantly different from 1.8, the ratio obtained from 
water void of copper or zinc. The numerals in paren- 
theses show the range of ratios based on the 95.0 per 
cent confidence limits of the standard error. Waters 
appearing to have the greatest effect on the ratio were 
those with high concentrations of copper and zine or 
combinations of the two. 

Table 3 shows a comparison of the effects of copper 
and zinc alone. Copper appears to give about twice 
the ratio that zinc does in the concentrations used. 
This effect is most marked in the 0.5 & 10~° M copper. 

Table 4 indicates the effect on the ratio of increasing 
amounts of one metal in conjunction with various con- 
centrations of the other. It is the mean of all concentra- 
tions of copper in combination with each concentration 
of zine, and vice versa. One can see that increasing 
amounts of copper appear to exert a noted effect on 


TABLE 4. Geometric mean ratios of percentages of Escherichia 
coli cells recovered by the two methods for all concentrations of 


one metal with various concentrations of the other 
For All Copper Concentrations* with Each Zinc Concentration 


Molar zinc concentrations Geometric mean ratio 


1.0 x 310"? 

10x 10-* 

1.0 X 10-5 
0 


For All Zinc Concentrationst with Each Copper Concentration 


Molar copper concentrations Geometric mean ratio 


0.5 X 10~% 

1.0 X 10-* 

7.0% 10-* 
0 


*Mean of 0 Cu + 0.5 X 10°° m Cu + 1.0 X 10-6 mM Cu + 
0.5 X 10-* m Cu. 

+ Mean of 0 Zn + 1.0 X 107° mM Zn + 1.0 K 10°¢ mM Zn + 
1.0 X 10-° mM Zn. 
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these ratios, especially in the highest concentration. 
Whereas, increasing amounts of zinc within the range 
used do not appreciably affect the ratios. 

DISCUSSION 

Under the conditions of this experiment, the following 
appear to be of significance. 

1. Waters containing both copper and zinc sulfate, 
in the concentrations employed, exerted a toxic effect 
upon EF. coli cells suspended in them for a period of 4 
hrs at 25 C as determined by agar plate counting and 
membrane filtration. The loss was marked and most 
drastic in waters containing high concentrations of 
copper (0.5 X 10-° m). It should be mentioned that 
during preliminary trials copper sulfate in the concen- 
tration of 1.0 X 10-° m proved to be toxic to the num- 
ber of cells exposed to the extent that recovery by 
plate counting was very low. 

2. Good correlation was demonstrated between the 
concentrations of copper and zine sulfates present and 
the ratio of the percentages of cells recovered by agar 
plate counting to the percentages recovered by mem- 
brane filtration. The larger the amounts present, the 
greater was this ratio. 

3. The data suggest the possibility of an interaction 
of the two compounds resulting in a greater ratio of 
plating recovery to filtration recovery than was brought 
about by either of the compounds alone. Guest and 
Salle (1942) demonstrated that certain salts which are 
not germicidal, or only slightly so, may exhibit a pro- 
nounced killing effect when mixed in certain combina- 
tions. Such may be the case of the 1.0 X 10~° M ZnSO, 
0.5 X 10-§ m CuSO, in which a ratio of 8.6 occurred as 
compared to 1.9 for 0.5 X 10-§ m CuSO, and 2.3 for 
1.0 X 10-' m ZnSO, separately. There are several 
other instances in which this may have taken place. 
The ratios resulting from various combinations of 
0.5 & 10-* m CuSO, with ZnSO, were not found to be 
significantly different from that of 0.5 X 10~° M CuSO, 
alone. 

4. It was noteworthy that in the water containing 
no copper or zine there was a ratio of 1.8 in favor of 
agar plate counting as compared to membrane filtra- 
tion. There are several possible explanations, such as a 
toxic effect of the medium, partial retention of cells on 
the filtering unit, or possibly a ‘“‘weakening”’ of the cells 
standing in the double distilled water to the extent that 
they fail to develop colonies on the filter, or other 
factors. 


CONCLUSIONS 


It appears that certain waters, such as those en- 
countered where industrial waste might add significant 
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amounts of (1.0 ppm) copper or zinc, and pos: 
other compounds, might be unsuitable for detec, 
of coliform organisms by molecular filtration 1 ¢) 
niques. It has been shown that such waters may 
very low or even negative coliform recoveries by n om 
brane filtration, when actually these organisms 4); 
present as determined by other methods. Failu: 4, 
detect coliform organisms in these waters may be {iy 
to an adsorption of toxic ions to the membrane di. jy 
filtration, or to a “weakening” of the cells to the ex oy) 
that they fail to develop colonies under condition {0 
propagation on the membrane. 

Although copper sulfate, in the concentrations 1 ed. 
seemed to exert a greater effect on the ratio ore 
coveries than zine sulfate, it should not be conel: Jed 
that higher concentrations, 1.0 & 10-2 M ZnSO. {o) 
instance, would not have a similar effect. How: ,er. 
such high concentrations are rarely encountered. 


SUMMARY 


An experiment has been described in which £ sch- 
erichia coli cells were suspended in various mola 
concentrations of copper and zine sulfate and after 9 
period of 4 hrs at 25 C were analyzed for recovery oj 
E. coli by agar plate counting and molecular filtration 
techniques. Results indicated that the ratio of recovery 
by agar plate counts to that obtained by membrane 
filtration was affected by the concentration of copper or 
zinc sulfate present. The greater the concentration the 
larger the ratio. The copper sulfate present appeared 
to affect this ratio more than the zine sulfate in the 
concentrations used. There was some indication that « 
combination of the two compounds exerted a greater 
effect on the ratio than either of the compounds sepa- 
rately. This suggests that there are some types of waters 
for which molecular filtration techniques are unsutis- 
factory for coliform enumeration. 
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he determination of ergosterol in microbial prod- 
has been described using a wide variety of methods. 
erally, the extraction procedures utilized a saponi- 
ion of either the wet or dry cell material followed by 

-lvent extraction. Bills ef al. (1930) reported the use 

. direct ethanol-benzene extraction of dried yeast 
le Wenck et al. (1935) utilized a direct ethanol ex- 

‘tion followed by a saponification. Following saponi- 

tion and extraction, Castille and Ruppol (1933) 

ized the digitonin precipitation to isolate the sterol 

ction. The actual measurements have generally 

lized the Liebermann-Burchard reaction (Wenck 
et al., 1935) or the ultraviolet absorption properties of 
ergosterol (Bills et al., 1930 and Castille and Ruppol, 
1933). 

This study was initiated as part of a program which 
required substantial numbers of ergosterol determina- 
tions using relatively small samples of materials. In 
addition, sufficient versatility was required so as to 
permit application to a wide variety of microbial 
products. The basis of the procedure is dependent on 
the fact that ergosterol, in the main, is present in 
cells as free ergosterol or as simple esters of fatty acids. 
In these forms, ergosterol is readily extractable by a 
wide range of organic solvents. The ability to carry 
out determinations directly on the crude extracts has 
also contributed to the simplicity of the procedure. 
Comparative isolation data presented here is typical 
and lends support to the validity of the procedure. 


EXPERIMENTAL METHODS 


Determinations are generally made on the solids 
obtained from 50 to 100 ml of fermentation broth. 
The broths are routinely centrifuged, and the solids 
washed and centrifuged two times with distilled water. 
This washing treatment is essential in removing inter- 
ering materials, particularly in the case of complex 

lia. The solids are spread evenly on a 5 em filter 

er and air dried for 20 hours at 65-70 C. Vacuum 
ng at reduced temperatures yields comparable 
Its. 

he dried cell pads are micropulverized with a semi- 
o model of a Wiley mill. The importance of par- 
‘size was established as described below and rou- 


tinely a particle size capable of passing an 80 mesh 
screen With agitation is used. Samples of 200 to 500 mg 
are extracted in Soxhlet extractors for 6 hours with 
ether. The relative merits of a wide range of solvents 
were tested and the results are discussed below. 

The ether extracts are taken to dryness at room iem- 
perature. By using a series of three appropriation dilu- 
tions with chloroform, a final volume of 5 ml containing 
approximately 0.1 to 0.4 mg ergosterol is prepared in 
calibrated colorimeter tubes. Exactly 5 ml of the Lieber- 
mann-Burchard reagent (Hoffman, W. S., 1940) is 
added with shaking. Relatively constant temperatures 
are maintained during the reaction period with 25 C 
being used in this work. 

The absorption maxima in the visible region for the 
Liebermann-Burchard reaction on ergosterol are 420 
my and 670 mu. Both are relatively broad maxima with 
the maximum at 670 mu being attained in less than 2 
minutes at 25 C while maximum at 420 my appears 
after approximately 25 minutes. The times selected 
for reading are slightly off the maxima but were se- 
lected for the convenience of setting up approximately 
20 samples in a series. 

After exactly a 10 minute interval, the density deter- 
mination is made on a Lumetron colorimeter using a 
660 my filter of the narrow band width type. After 
exactly a 20 minute interval, the measurement is re- 
peated at 420 mu. The blank correction consists of 5 
ml of the reagent, and 5 ml of the chloroform used in 
the sample dilutions. The observed densities are used 
to calculate ergosterol concentrations from a prepared 
standard curve. 

In the event of poor correlation between the deter- 
minations made at 660 my and 420 muy, the lower de- 
termination is retained as the more probable. An ultra- 
violet absorption curve on the original chloroform 
solution using a Carey spectrophotometer is used to 
further check the assay. It is felt that the most reliable 
determinations are based on the 285 my and 296 mu 
maxima, using the lowest assay obtained by the use 
of either maximum or by the difference of the maxima. 

The direct isolations were carried out following 
saponification of micropulverized dried preparations 
with 8 per cent potassium hydroxide in 95 per cent 
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ethanol. The reaction was maintained at reflux for 6 
hours after which the insolubles were filtered off and 
washed with hot ethanol. The clear filtrate was set in 
the refrigerator overnight for crystallization. The pre- 
cipitate was filtered and washed with water. The fil- 
trate was diluted with two volumes of water and set 
aside at refrigerator temperatures for further precipita- 
tion. The precipitates were combined, recrystallized 
from ethanol, and ultraviolet spectra were determined 
from appropriate chloroform dilutions. Calculations 
were based on the difference between the 285 and 296 
mu Maxima. 


EXPERIMENTAL RESULTS 


The close correlation of ergosterol recoveries which 
are obtained by direct solvent extraction as compared 
to the saponification procedure is illustrated in table 1 
which compares the analysis of five samples of a rela- 
tively wide range of ergosterol content. 

The importance of particle size in direct solvent ex- 
traction is illustrated by the extraction of a series of 
particle size ranges of a yeast sample in table 2. 

The selection of the most suitable solvent was based 
upon the following major requirements: 1) relatively 
rapid efficient extraction of the ergosterol and 2) 
the production of crude extracts suitable for direct 
determinations by the Liebermann-Burchard reaction 
and ultraviolet absorption. 

Acetone, ethanol, methanol, and dichloroethylene 
are equally efficient in the extraction of ergosterol. 
However, these solvents produce extensive ultraviolet 
background as well as interfering background for the 
colorimetric determination. Hexane, benzene, cyclo- 


TABLE 1. Comparison of direct ether extraction and isolation 
methods for the determination of ergosterol 


Per cent 
Ergosterol* 
by Direct Ether 
Extraction 


Per cent 
Ergosterol 
by Isolation 


Sample 


No. 1 yeast.. Berets 75 .63 
No. 2 yeast...... .29 .22 
NO; WORBD... 0.5555... 12 11 
No. 4 yeast.. 2.60 2.50 
No. 5 yeast.... powatas waits 75 0.78 


* Per cent ergosterol is calculated on a dry weight basis. 


TABLE 2. Relationship of particle size to ergosterol extractability 


Particle Size* Per cent Ergosterol 


10 mesh to 20 mesh eee .53 
20 mesh to 40 mesh........ : .70 
40 mesh to 60 mesh See: 86 
60 mesh to 80 mesh. ... a .85 
80 mesh to 100 mesh re aoa .97 
Less than 100 mesh....... ace 0.95 


* The lower mesh number was passed with agitation while 
being retained by the higher mesh number. 


TABLE 3. Comparative measurements of ergosterol by the 
mann-Burchard reaction and ultraviolet absorpt 


Per cent Per 
Ergosterol Ergos 
by Ultraviolet by Cok 
Absorption Determ 


Sample 


No. 1 mold 0.43 0 

No. 2 mold 0.58 0.: 
No. 3 yeast 0.71 0.4 
No. 4 yeast 0.95 0.! 


hexane, isopropyl ether, and acrylonitrile are som: why; 
less efficient in extraction of the sterol although «iter. 
fering background materials are somewhat less thy 
in the first group. Diethyl ether is relatively ef 
in the extraction of the sterols and interfering 
ground is at a minimum both for colorimetric 
minations and direct ultraviolet measurement 

Four hours, using a reflux producing 5 to 6 | 
per hour, is adequate to effect complete extractio: 
The ergosterol stability in ether at reflux was tested 
With no appreciable loss up to 6 hours. Twenty-fow 
hour reflux results in approximately 15 to 30. per cen 
loss as determined by ultraviolet absorption. 

Relatively close correlation is generally observed j 
results obtained by ultraviolet absorption and _ th 
colorimetric determination as illustrated by  typica 
data in table 3. 

Discussion 

Assay precision was estimated from 27 sets of dupli- 
cate colorimetric determinations made during norma! 
runs. The coefficient of variation was calculated to |x 
9.6 per cent. However, there is some indication that 
the standard deviation does not vary directly with 
the amount of ergosterol in the sample. 

The evidence presented above indicates rather clearly 
that saponification procedures do not liberate sul)stan 
tial quantities of ergosterol bound by the particulat 
portion of the cells. This implies, excluding any con- 
jugates not subject to the rather vigorous alkaline 
hydrolysis used, that ergosterol is present in the main 
as the free sterol or readily extractable esters. It is 
felt that saponification procedures which are in genera! 
use serve the purpose of digesting and breaking up 
cells rather than liberating ergosterol by the hy iroly 
sis of insoluble conjugates. 
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A relatively simple and precise direct solvent « 
tion procedure for the determination of ergost °0! | 
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presented. The method has been found applicable to a 


wide range of microbiological products using relatively 
sm: |! samples for determinations. 
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